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PREFACE

This report was prepared by Lawrence A. Johnson, Biologist, of the Alaskan
Projects Office (Fairbanks), and Susan D. Rindge, Physical Scientist, and David A,
Gaskin, Geologist, of the Geotechnical Research Branch (Hanover), U.S. Army
Cold Regions Research and Engineering Laboratory.

The work was jointly funded under a reimbursable order from the Alaskan Dis-
trict, Corps of Engineers, Civil Works Project CWIS 31013, Environmental Effects
and Criteria for Engineering Works in Cold Regions, and DA Project
4A762720A896, Environmental Quality for Construction and Operation of Military
Facilities, Task 04, Land Use Planning, Work Unit 003, Revegetation of Terrain Af-
ter Construction in Cold Regions.

The authors thank Major Leo Laska and Frank Erie of the Alaska District for
their assistance and equipment support. James O’Neil and James Winslade of the
Department of Sanitation for the City of Fairbanks, Alaska, provided the sewage
sludge used in the study. James Aldrich, from the Institute of Water Resources,
University of Alaska, collected sediment data from the sediment tanks in 1977
and 1976.

A number of CRREL personnel have contributed to this multi-year study. In
1977, Robert Bigl, Arthur Gidney and Gary Prokosch heiped install the treatments
and Mr. Prokosch also assisted in vegetation sampling. In 1978, William Burch,
Robert Demars and Sharon Frost applied the treatments; Nancy Robertson and
Ms. Frost helped with data collection. In 1979, Mr. Burch, Mr. Demars and Lisa
Line helped with the refertilizing and resludging; Linda Donaldson and Ms. Line
collected moisture and vegetation data. Richard Haugen designed and super-
vised installation of the temperature instrument shelters and was responsible for
data collection and analysis. Deborah Roach performed the moisture stress
study.

We assessed the weather conditions at our study sites usipg meteorological
data cullected by the U.S. Army Atmospheric Science Laboratory Meteorological
Support Team, Fort Wainwright detachment.

Dr. Brent McCown of the University of Wisconsin and Dr. Jerry Brown, Roy
Bates and Antonio Palazzo of CRREL reviewed this report.

The contents of this report are not to be used for advertising or promotional
purposes. Citation of brand na:mes does not constitute an official endorsement or
approval of the use of such commercial products.
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CONVERSION FACTORS: U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

These conversion factors include ali the significant digits given in
the conversion tables in the ASTM Metric Practice Guide (E 380),
which has been approved for use by the Department of Defense.
Converted values should be rounded to have the same precision

as the original (see E 380).

Multiply By To obtain
meters 32 feet
millimeters 0.040 inches
hectare 247 acre
kilogram/hectare 0.8921 pound/acre
metric ton/hectare 0.446 ton/acre
cubic meter/hectare 0.529 cubic yard/acre
nuinber/hectare 0.405 number/acre
oCelsius °F =1.8(°C)+ 32 oFahrenheit
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SUMMARY

i

Revegetation techniques were studied on the Chena River Lakes flood control
dam near Fairbanks, Alaska, for three growing seasons in cooperation witt: the
Cotps of Engineers, Alaska District. The purpose of the study was to determine
the optimal treatment for establishing a permanent vegetative cover on the
gravel dam.

In May 1977, 70 plots were established with various revegetation treatments:
37 on the upstream side and 33 on the downstream side of the dam. Treatments
included three main variables: mulch, substrate (gravel or a fine-soil cover con-
sisting primarily of silts and fine sand over the gravel base), and vegetation (grass
seed mix and/or unrooted willow cuttings). The mulches tested were: hay, wood-
cellulose-fiber, peat moss, Conwed Hydro Mulch 2000 and a fiberglass blanket. A
constant rate of fertilizer was applied to all plots except the control.

To assess the amount of sediment eroded from the treatments (erosion hazard),
specially designed tanks were placed at the base of 35 of the upstream plots.

The first season’s results indicated that six treatments performed acceptably in
terms of growth, erosion hazard and cost effectiveness. These included the seed
and fertilizer treatment and seed and fertilizer with any of the following mulches:
Conwed Hydro Mulch 2000, hay, peat moss, wood-cellulose-fiber and combined
peat moss and wood-cellulrse-fihar_ Soil loss results for the six were within the li-
mit of 2200 kg/ha recommen. .. by the U.S. General Accounting Office. These
treatments were also cost effective ($3710/ha to $6340/ha).

During June 1978, half of each of the existing 1977 plots was refertilized and
three sets of additional plots were established on the dam. Ten of the new plots
on the downstream side received sludge (thickened wastewater) and fertilizer
with or without mulch, grass seed and/or iime. Two other new downstream plots
tested experimental erosion-control blankets made of wood-cellulose-fiber in two
thicknesses. The blankets were oversprayed with a mixture of seed, fertilizer and
additional wood-cellulose-fiber. On the upstream side, a third new set of six plots
included fine soil, seed, and fertilizer with or without hay.

A 1978 revegetation site on the Tanana River Levee allowed comparison of the
north- and south-facing slopes of the levee with the predominantly east- and
west-facing slopes of the dam. The main treatments used at this site were the six
most successful ones from 1977 over a fine-soil base. :

The two 1978 grass seed mixtures on the dam and levee differed from that of !
N the previous year. One included several additional cold-adapted species while
3 the other had only two perennial species.

4 A dramatic result of the 1978 season was the favorable effect of refertilization
on grass growth. This contrasted greatly with the poor response of non-referti-
lized grasses. Of the treatments applied in 1978, the two most successful were:
fine soil, seed, fertilizer and hay; and seed, fertilizer and sludge without lime, The
sludge treatments were also cost-effective, with a range from $3710 to $5770/ha.

In 1979, parts of existing plots were treated with fertilizer and sludge. This in-
volved refertilizing a few 1977 plots again, refertilizing sections of the 1978 fine-
soil and sludge plots, and adding more sludge to a section of the sludge plots.
The plots with wood-cellulose-fiber blankets received an entirely new treatment
of seed, fertilizer, and mulch because they had poor growth the first year.

Several observations are apparent from this three-year study:

1) A vegetative cover can be established on the gravel face of the dam and
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levee. The vegetation will help to reduce erosion and will improve the aesthetics
of the structures.

2) Fertilization is required for at least two years to produce an acceptable per-
manent vegetation cover, although fine-grained soil or sludge added to the site
reduces the amounts of fertilizer needed in the second year. Fertilization during
the third year increases vegetation growth but probably is not required, since the
benefits of the second fertilization continue for at least two years.

3) Willow cuttings offer a viable means of revegetating the dam. On the basis
of a root penetration study, initial growth of willows and growth of four- to five-
year-old native seedlings appear to pose litt!c or no root penetration problem on
the gravel dam.

4) Grasses reduce willow growth and survival; therefore, they should not be
seeded if willow cuttings are planted. If additional vegetation cover is desired,
straw mulch may be used at the time of willow planting, or grasses may be
seeded one year later to avoid competition with the first-year establishment of
the willows.

5) The Chena River Lakes Project is an ideal location to use the potential of
sludge for improving the moisture and nutrient regime of the soil since there ap-
pear to be minimal problems with contamination,

6) Sludge offeis a viable alternative to annual fertilization or placement of the
more expensive fine-soil cover. Two-year-old treatments with sludge plus fertili-
zer produced the highest biomasses of the study period, exceeding responses of
treatments receiving three annual fertilizer applications.

7) Growth on the upstream (SE) side of the dam is less thar on the downstream
(NW) side due to a combination of higher soil temperature and reduced soil mois-
ture.

8) The levee provides more favorable soil temperatures and moisture than the
dam, as evidenced by higher biomass and cover values for comparable treat-
ments.

9) Species that produce adequate biomass on well-drained sites, such as the
dam, are fescue, brome, and foxtail grasses. At wetter sites, such as the levee,
alsike clover seems to be the most promising species. Alsike clover should be in-
cluded with the grasses in the seed mixture whenever possible since it will help to
increase soil nitrogen.

10) Moisture appears to iimit growth principally in treatments receiving high
fertilizer applications. Hence, differences in growth between north and south as-
pects (levee), east and west aspects (dam), and top and bottom of slopes (dam)
will be accentuated under high fertility levels.

11) Denser covers of herbaceous vegetation appear to slow the invasion by
woody species onto the dam. However, it is not known how long this effect will
last.

12) Erosion is a recurring problem on the bare gravel slopes of the dam. Both
saturated flows initiated by spring snowmelt and erosion gullies due to above-
normal summer rains occurred during the study period. Although the studies do
not show that vegetation will prevent slumps and erosion, they suggest that the
frequency and severity of etosion can be reduced.
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LA S A T T N e T

CHENA RIVER LAKES PROJECT

REVEGETATION STUDY
Three-year summary

L.A. Johnson, .S.D. Rindge, D.A. Gaskin

INTRODUCTION

Background

The Alaska District, U.S. Army Corps of Engi-
neers, designed and constructed the Chena River
Lakes Flood Control Project at a site 27 km east
of Fairbanks, Alaska. The project consists of the
Moose Creek Dam (12.3 km long, 15-21 m high),
a gravel dam that extends from the Chena River
to the Tanana River; and the Tanana River Levee
(33.1 km long, 3-5 m high) that runs along the
Tanana River past Fairbanks to the confluence
of the Chena River (Fig. 1) (U.S. Army Engineer
District, Alaska 1972, 1979).

These structures are designed to divert water
from the Chena River that would otherwise inun-
date Fairbanks durinz flood periods as occurred
in August 1967. Flood waters move along a
cleared slow-release channel, or floodway, on
the “upstream” side of the dam and overflow in-
to the larger floodplain of the Tanana River.

In cooperation with the Alaska District, we
have tested various types of revegetation tech-
niques on the two structures to see which meth-
ods would establish an acceptable permanent
vegetation cover. ‘

Site characterization

The project is located on the Tanana Lowland,
a part of the interio: basin of central Alaska. The
Tanana Lowland is a wide floodplain composed
of thick beds of stratified gravels; it lies between
the Yukon-Tanana Upland to the north and the
Alaska Range to the south.

In the vicinity of the project, the topography
of the Chena River valley ranges from mildly un-
dulating hills to flat, low-lying peat bogs and

RN NEVEEES S B
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muskegs. Varying thicknesses of siits and silty
sands (0-3 m) overlie sand and gravel deposits.
Two prominent highlands interrupt the other-
wise broad, flat valley: Moose Creek Bluff on the
south side of the Chena River and an unnamed,
irregularly shaped ridge about 10.1 km NNE of
Moose Creek Bluff on the north side (Fig. 1).

Climate

The Alaska Range to the south and the Brooks
Range to the north, which shelter the basin from
maritime air masses, strongly influence the cli-
mate of the Tanana valley. Consequently, the
area has a continental climate characterized by
cold, dry winters and warm, dry summers (3ilello
1974, U.S. Army Electronics Command 1966).

Total precipitation averages 285 mm/year,
with the normal maximum monthly amount (55.6
mm) usually occurring in August (National Oce-
anic and Atmospheric Administration 1979).

The mean annual temperature is -3.5°C, with
recorded temperature extremes of -54°C and
37°C (NOAA 1979). The frost-free season extends
from mid-April to mid-September. The 30-year
normal for yearly total growing-season degree-
days above 5°C is 1063 (Richard Haugen 1980,
pers. comm.). Growing-season degree-days are
calculated by totaling the daily amount of tem-
perature deviation from 5°C throughout the sea-
son after a daily average of 5°C has been
reached.

Purpose

During the period from May 1977 to August
1979, we investigated revegetation and erosion
control techniques at the Chena River Lakes
Flood Control Project. The purpose of our study
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Figure 1. Chena River Lakes Flood Control Project.

was to determine the optimum revegetation
treatment or set of treatments which would en-
able the Corps of Engineers to establish and
maintain a nermanent vegetation cover on both
the upstream and downstream sides of the dam
and levee.

Revegetation of these two structures is espe-
cially difficult because of unfavorable growing
conditions. The coarse gravel surfaces have poor
water-hoiding capacities and provide low levels
of plant nutrients. Soil water-holding capacities
are further reduced by the dam’s steep, high
slopes (2:1 to 2.5:1). Cempounding the problem
is the subarctic climate, with a short growing
season (May-August) and low annual precipita-
tion (285 mm/year).

Specific objectives of the study were to deter-
mine:

1. The biological success of various treat-
ments, particularly the most successful species
and the most beneficial mulches for extremely
cold regions.

2. The erosion potential of the treatments.

3. The optimum rate and frequency of fertili-
zation on both gravel and fine-grained soils.

4. The estimated costs of establishing vegeta-
tive covers.

Vegetation on the dam improves aesthetics
and provides more effective control of erosion.
A vegetation cover helps reduce the visual im-
pact of the structure and blend:s it into its natur-
al setting. This is especially important since visi-
tors will travel along the dam when using the re-
creation area downstream of the dam.

Erosion control on the dam appears to be ne-
cessary, Both gullying and slumping have oc-
curred on the surface of the downstream slope
of the dam since its completion in 1978.

MATERIALS AND METHODS

General

Our experimental design was based on results
of previous studies which established optimal
fertilizing rates, seeding rates, and materials for
revegetation and erosion control in cold regions
(Johnson and Specht 1975, Gaskin et al. 1977,
1979, Johnson 1978, Rindge et al. 1979, and
Palazzo et al. 1980).

Revegetation plots were established at two
sites within the project. One site is on the south-
west portion of Moose Creek Dam on slopes
facing northwest and southeast, and the other is
along the north-south-facing Tanana River Levee
(Fig.2 ). This placement permitted us to compare
responses on slopes with different aspects.

Treatments applied to the plots included vari-
ous combinations of the following variables:

1. Vegetation (seed mixes and/or willow cut-
tings).

2. Fertilizer.

3. Mulch, mulch blanket, or sludge.

4. Substrate (gravel or fine-grained soil* over
the gravel base).

*The fine-grained soil consisted primarily of silt and fine sand
with a low organic content (30-50 metric tons/ha).




Figure 2. Revegetation site locations.

additional mulch. The final set (six plots mea-
suring 3x15 m) was treated with seed and fertili-
zer with or without hay mulch over a base of
fine-grained soil.

Plots that were installed in 1977 on both sides
of the dam were studied for three years. Other
plots, installed in 1978 on both the dam and the
levee, were studied for two years.

To test the need for refertilization, a section
of each plot was treated with additional fertili-
zer at the beginning of the second growing sea-
son. Selected plots were again refertilized during
the third growing season to permit a comparison
between annual and biannual refertilization.

Sludge was also added as a nutrient source to
established sludge plots during the second grow-
ing season.

Moose Cr ek Dam site

There are four sets of plots at the Moose
Creek Dam site (Fig. 3, Table 1). The initial set, in-
stalled in May 1977, consisted of 70 plots (each 3
x15 m) involving a constant fertilizer rate and
variations in substrate, vegetation, and mulch.
The other three sets of plots were installed in
June 1978. Ten plots (each 24x15 m) were
treated with sewage sludge and combinations of
seed, fertilizer, mulch and lime. Two plots {38 x

15 m and 32x15 m) used an experimental
wood-cellulose-fiber blanket developed by the
Conwed Corporation. After installation, the
blankets were treated with seed, fertilizer and

1977 plots

The treatments installed in 1977 included vari-
ous combinations of mulch, fertilizer, substrate
and vegetation. Most treatments had three repli-
cates on both the upstream and downstream
slopes of the dam (Table 1).

The five muliches tested were:

1. Hay (coarse bedding straw).

2. Wood-cellulose-fiber (WCF).

3. Conwed Hydro Mulch 2000 (CHM2000),
wood-cellulose-fiber with a colloidal polysac-
charide tackifier (glue).

4. Peat moss.

5. Peat moss oversprayed with WCF.
Application rates of the mulches were 4785
kg/ha, except for the peat moss-WCF combina-
tion, which had 4785 kg/ha of each for a total
9570 kg/ha. This was double the manufacturer's
suggested rate for WCF and CHM 2000 and was
based upon the results of studies conducted by
Palazzo et al. (1980) on gravel pads in Hanover,
New Hampshire, and Fairbanks, Alaska.

Non-mulch and hay-mulch treatments were
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- Figure 3. Plan of the Moose Creek Dam site.

applied by hand-broadcasting the hay, seed and
fertilizer evenly over the plot surface. All other
treatments were applied by spraying a slurry of
mulch and water (with or without seed and ferti-
lizer) from a hydromulcher (Fig. 4). In the case of
peat moss plus WCF, we sprayed the peat moss
first and then oversprayed the WCF along with
the rest of the treatment.

An experimental fiberglass erosion control
blanket under development by the Owens/Corn-
ir.g Fiberglass Corporation was tested on one up-
stream plot (Table 1). Erosion control biankets
are normally anchored or pinned with U-shaped
steel pins on a 1-1.5-m spacing. In this case, how-
ever, we applied the fiberglass blanket without
pins so that the grass could lift it and be shaded
by it.

The fertilizer used on all plots was 10-20-10
grade applied at 880 kg/ha, or a total application
of 88 kg of nitrogan (NYha, 176 kg phosphorus
pentoxide (P,O,Vha, and 88 kg potassium oxide
(K,O¥ha.

Fourteen plots received a 23-cm-thick
(2300-m?¥/ha) cover of fine-grained soil. Ten of
these plots were on the upstream side and four

were on the downstream side (Table 1). The
Alaska District provided the soil from stockpiles
originally obtained from the area cleared for the
dam. Aldrich and )ohnson (1979), who studied
the sediment loss on these plots, found that the
soil consisted primarily of silt and fine sand (Fig.
5). The soil also had a low organic content
ranging from 30 to 40 metric tons/ha.

The vegetation types used in the treatments
were either a grass seed mix. unrooted willow
cuttings, or a combinatior: of the two. The basic
1977 grass seed mixture was annual ryegrass at a
rate of 11 kg/ha, red fescue at 24 kg/ha and Nug-
get Kentucky bluegrass at 8 kg/ha for a total of
43 kg/ha (S, Table 2). Two upstream plots were
seeded with an additional 11 kg/ha of bluejoint
reedgrass (a species native to Alaska) in the basic
mixture (S+B, Table 2). On three downstream
plots annual ryegrass at three rates—6, 8 and 14
kg/ha—was substituted in the seed mixture (V1,
V2, V3, Table ). Finally, on the fiberglass blan-
ket plot an application rate three times that of
the basic mixture was used (129 kg/ha)(3S, Table
2). This seeding rate was determined from previ-
aus studies using the fiberglass blanket in Han-
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a. End view.

b. Side view.

Figure 4. Hydromulching procedure.

over, New Hampshire (Rindge and Gaskin 1977).

Willow (Salix alaxensis) cuttings approximate-
ly ¥4 m long were collected from shrubs near the
dam. Soon after cutting, the pieces were inserted
in the gravel or soil cover, leaving approximately
10 cm above the surface. They were spaced at
1-m intervals (10,745 cuttings/ha) on 12 upstream
and 12 downstream plots (Table 1).

Portions of these plots were refertilized in the
second and third years of the study. The fertili-
zer grade and application rate were the same as
the first year, 10-20-10 at 880 kg/ha It was broad-
cast by hand over only one half the surface area
of the original plots (1.5x15.2 m). In the second
vear (June 1978), all 70 plots received fertilizer;
and in the third year (May 1979), only 14 of the
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‘ Figure 5. Fine-grained soil size analysis (after Aldrich and johnson 1979).
Table 2. Seed mixtures.
Rate (kg/ha)
Seed type S 35 S+B vI V2 V3 ST S§2* 82l S3°**
Alsike clover (Trifolium hybridum L.) 33
Annual ryegrass (Lolium multiflorum Lam.) 11 33 11 14 8 6 5.5 35
Arctared fescue (Festuca rubra L.) 5.5
Bluejoint reedgrass (Calamagrostis canadensis) 1
Boreal red fescue (Festuca rubra L.) 5.5
Creeping red fescue (Festuca rubra L.) 24 72 24 24 24 24 550 1385
_: Durar hard tescue (Festuca ovina L.) 4.4 4.4
. Manchar brome (8romus /nerm/s Leyss.) 5.5 55
: Meadow foxtail (A/opecurus pratensis L.) 13.2 13.2
Nugget Kentucky bluegrass (PoapratensisL,) 8 23 8 8 B 8
Perennilal ryegrass (Lo//ium perenne L.) 55.0 385
: Sydport Kentucky bluegrass (Poa pratensis L..) 3.3 33
* Total 43 128 54 46 40 38 4071100 77.0 35.4
* S2-sludge.
t $2-Conwed {1978).
*% §3--Conwed (1979).
& i
F N . . . \ .
i plots ruceived fertilizer (Table 3). Plots had the tal solids) applied at a rate of 25 metric tons/ha.
E same half refertilized in both 1978 and 1979 to We applied the sludge with fertilizer and combi-
s compare refertilization effects. nations of seed, mulch, and lime (Fig. 3, Table 1).
i Three treatments had three replicate plots each
;i Sludge plots and one treatment had only a single plot (Table
;* i In June 1978, ten downstream plots received 1).
g sewage sludge (thickened wastewater, 3.6% to- The Fairbanks Sanitation Department 3sup-
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Table 3. 1977 plots that were re-
fertilized in May 1979,

Plot no,
Upstreem Downstreem  Treetment*

6 3 S.F
9 6 $,F . WCF
12 9 S,FH
15 12 $,F,CHM2000
13 15 S,FP
21 18 $,FPYWCF
30 27 TSWS,FH

* See list of abbreviations on p.

plied the sludge, which was pumped from the
thickening machine at the treatment plant di-
rectly into the hydromulcher. In the case of Plots
4-10, we added seed, fertilizer, mulch and lime
(Plots 4-6) to the sludge in the hydromulcher and
applied the entire treatment in a one-step opera-
tion. On Plots 1-3, the sludge was applied first
and then oversprayed with the rest of the treat-
ment.

Two new seed mixtures were tested on the
sludge plots (Table 2). One of them (51) included
several cold-adapted perennial grass species:
Manchar brome, meadow foxtail, boreal red fes-
cue, Durar hard fescue and Sydport Kentucky
bluegrass. Including seed of annual ryegrass and
alsike clover, the total applied rate was 40.7
kg/ha. This mix was used on Plots 1-3 and 10.
The other new seed mixture (S2) had equal
amounts of perennial ryegrass and creeping red
fescue and was applied to Plots 4-9 at a rate of
110 kg/ha.

The other components of the sludge treat-
ments were fertilizer (10-20-10) applied at 660
kg/ha, mulch (WCF or CHM 2000) applied at 1830
kg/ha, and on two treatments, lime applied at
610 kg/ha. The fertilizer included a crushed lime-
stone filler that was sufficient to neutralize the
sludge mixture on those plots not receiving addi-
tional lime. The pH was raised on the average
from 6.2 to 7.2. It was discovered that the addi-
tional lime was excessive, raising the pH to 9.7.

The sludge plots were treated again in May
1979. One-third of each plot (8 x15 m) was refer-
tilized with 10-20-10 fertilizer at 880 kg/ha; a se-
cond third received an additional 25 metric
tons/ha of lime-neutralized (110 kg/ha) sludge
(1250 kg solids/ha) sprayed from the hydromul-
cher; and the final third did not receive any new
treatment.

Conwed blanket plots

The Conwed e/osion control blanket installed
in 1978 consisted of wood-cellulose-fiber mulch
held together by a starch tackifier and bonded
on one side to a plastic netting (1-cm grid). The
1-m-wide blankets cama in two thicknesses
(equivalent to 9585 kg/ha and 14,370 kg/ha).

Two plots were established with the blan-
kets —one for each thickness (Table 1). Blankets
were rolled down the slope and secured with
U-shaped wire staples at 1.2-m intervals (Fig. 6).
They were placed netting side up for all except a
tew rolls.

We then hydromulched seed (S2), 10-20-10 fer-
tilizer and CHM 2000 over the blanket surface
(Table 1). The S2 seed mix was applied at a lower
rate (77 kg/ha) than on the sludge plots. Fertilizer
was applied at 473 kg/ha, and CHM 2000 was ap-
plied at 1177 kg/ha.

Because of their poor first-year growth, both
blanket plots were retreated with seed, fertilizer
and mulch in 1979. This was applied in mid-May
so that early season moisture could aid seed ger-
mination. The seed mix (S3, Table 2) was similar
to the S1 mix, with small amounts of several pe-
rennial species; it was applied at a rate of 35
kg/ha. Again the fertilizer was 10-20-10 applied
at a rate of 880 kg/ha; the mulch was CHM 2000
at a rate of 1120 kg/ha.

Fine-soil plots

The six fine-soil plots installed in 1978 in-
cluded three replicates of two successful treat-
ments from 1977 over a 15-cm-thick base of fine-
grained soil. These treatments were 1) seed (51)
and fertilizer and 2) seed (S1), fertilizer and hay
(Table 1). We applied them by hand broadcast-
ing. The fertilizer was 10-20-10 applied at a rate
of 880 kg/ha and the hay (coarse bedding straw)
was applied at a rate of 9570 kg/ha. Half of each
of these plots was refertilized at the beginning of
the second growing season (1979).

Tanana Levee site

The Tanana River Levee site was established
in June 1978 and included 20 identical plots (15
%3 m) on both the north and south sides of the
levee (Fig. 2, 7, Table 4). All were treated with $1
seed mix (41 kg/ha) and 10-20-10 fertilizer (880
kg/ha).

Eighteen plots involved six treatments with a
15-cm cover of fine-grained soil over the gravel sur-
face and the six mulch combinations used at the
Moose Creek Dam site: hay, peat moss, WCF, peat
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Figure 7. Plan of the Tanana River Levee revegetation site.

9 e L e Rentdt

e O 0 el e it o it SR Ao

FETRY

e B Al s U G s 6 o




O D 440001 A MGG S 3 AP

oG

s Y

Table 4. 1978 Tanana River Levee treatments,*

Fniegreined Mulch

solt Rete Blanket rete
Potno, _(m*/he) Type____(hgihe) __ (kg/he)
1,7.,13 1500 H 9570
28,14 1500 P K3} U
39,15 1500 WCF 4788

4,10,16 1500 CHM2000 4785

| 2 T B |

511,17 1500 PYWCF  3185+4788

6,12,18 1500 - -

19 - CHM2000 478% 14,7304
20 - EX** 4785 -

* All plots recsived 41 kg/ha of seed mix S1 (Table ?) and
880 kg/ha of 10-20-10 fertilizer.
1 Blankets placed mulch side up on south, netting side up
on north,
** EX—exceisior mesh,

moss with WCF, CHM 2000 and no mulch. Hay
was applied at a rate of 7570 kg/h:, peat moss at
3185 kg/ha, and WCF and CHM 2000 at 4785
kg/ha.

One of the two remaining plots received the
Conwed blanket oversprayed with seed mix (51),
fertilizer and CHA 2000 (at 4785 kg/ha). The
blanket on the south slope had the mulch side
up and the one on the north slope had the net-
ting side up. The final plot on zither side of the
levee was treateu by hand broadcasting the seed
mix (S1), fertilizer an i excelsic* mesh (4785
izg/ha).

In May 1979, haif the area of the first replicate
of the six main treatments (Plots 1-6) was referti-
lized with 10 20-1C fertilizer (880 kg/ha).

S.mpling and measurement

Herbaceous measuraments

In late Augus® of aach of the three years of the
study, all seeded treatmen.: vere sampled for
vegetative biomass, total cover, and maximum
height. A numnber of subplots (0.25 m?) were ran-
domly selected within each treatment. On the
dam, two o1 three subplots were selected from
within both the upper and the lower 6 m of each
plot or plot section. Because the levee was not
as high a; the dam, only two or three subplots
were selected randomly within the entire plot.
Cover percentage was estimated visually, vege-
tation height was measured to the nearest centi-
meter, and all aboveground vegetation within
the subplots was clipped. Vegetation samples
were subsequently oven-dried at 60°C for 48
hours and weighed to determine dry-weight bio-
mass.

10

To measure the proportion of each species
within the total biomars for a certain treatment,
dried clippings from six subplots were separated
by species; each species was then weighed to de-
termine its dry-weight biomass.

Willow survival

Survival percentage of the willow cuttings was
determined in late August 1977, 1978 and 1979
by counting the surviving willows and compar-
ing that number to the number planted per plot.
Survival percentage was calculated for the top-
mast three and bottommost three rows of wil-
lows as well as for all willows on the plot. Maxi-
mum height of wiliow growth was measured in
1977 and 1978.

Seedling densities and root excavation

An engineering concern on the dam is the pen-
etration of ioots of native woody species and the
associated problem of water movement down
root channels and through the dam. To assess
the potential danger, we surveyed the density ¢ !
seedlings on the dam and excavated some ot
their root systemns.

Seedling densities were determined by count-
ing the number of seedlings in three or more
1-m? plots at different areas and on our treat-
ments on the dam. The average seedling densi-
ties were determined for untreated, seeded gra-
vel and both seeded and unseeded fine-soil
treatments.

Depth of root penetration by these woody
species was investigated during t'.e 1979 field
season, The root systems of 13 plants of balsam
poplar (Populus balsamifera), feitieaf willow
(Salix alaxensis) ard quak g aspen (Populus tre-
muloides) were examined during two sets of ex-
cavations. Vw2 measured shoot height, lateral
root spread, and maximum root penetration.
Root systems were excavated, separated accord-
ing to depth increments, washed, dried at 60°C
for 48 hours, and then weighed to determine root
biomass, which we compared to depth of pene-
tration.

Sediment loss

The erosion potential of the Monse Creek
Dam 1977 treatments was assessed by measuring
sediment loss from the plots on the upstream
side. A tank placed at the base of each plot (ex-
cept nos. 22 and 24) trapped any sediment mov-
ing down the slope (Fig. 8). The materiai in the
tank was collected and oven dried at 110°C for
48 hours. To convert this dry weight value to

id
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a. Front view. ]

b. Side view.

Figure 8. Sediment collection tank.
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weight/area, we divided the weight of sediment
loss by the area of the plot locaied directly
above the tank (1.2 mx15.2 m),

The tanks at the base of the fine-soil plots
(nos. 25-30, 37) were covered with specially de-
signed lids to prevent blowing silt from the
floodway from entering them. Sediment was col-
lected from these plots after each major storm in
both 1977 and 1978 (Aldrich and Johnson 1979).
Sediment loss from the gravel base plots was
measured during 1977 only.

Limiting soil moisture

To test our hypothesis that soil moisture is li-
miting to plant growth on the dam, both soil
moisture and plant diffusive resistance were
measured in 1979, Soil moisture was determined
gravimetrically from surface soil samples ap-
proximately every two weeks from late May to
late July 1979. Three samples were taken from
within 6 m of both the top and bottom of the up-
stream and downstream sides of the dam. The
samples were oven dried at 110°C for 48 hours.

A preliminary study of plant diffusive resis-
tance was conducted in August 1979. Diffusive
resistance is measured using a diffusive porom-
eter with a lithium-chloride-coated sensor.
When placed over a leaf, the sensor absorbs
water vapor diffusing from the leaf and the elec-
trical conductivity through the lithium chioride
increases. The sensor is responsive over a rela-
tive humidity range from 18% to 33%. A change
in relative humidity of approximately 1% is
timed between two preselected points on the
porometer scale. Stomata! resistances are then
calculated using the known resistance fields of a
calibration plate. Relatively high stomatal resis-
tance values suggest moisture stress conditions.

The diffusive resistances of two species grow-
ing on 1977 Plot 9 on either side of the dam were
measured during August 1979, The first was a
seeded brome and the second was a balsam pop-
lar seedling. Measurements were made on both
the upper and lower leaf surfaces. A total of 14
brome plants and 4 balsam poplar plants were
examined.

Soil chemical analysis

Samples for soil chemical analysis were col-
lected during July of 1977 and 1978 by taking
surface soil samples to a depth of about 10 cm
from all plots in 1977 and selected plots in 1978.
Samples were analyzed at the University of Wis-
consin soil and plant analysis laboratory accord-
ing to the procedures of Liegel and Schulte
(1977). A glass-electrode meter was used to mea-

sure pH; organic matter and available P were
determined by calorimetric methods; and avail-
able K was measured with flame photometry.

Sludge and runoft water analysis

Sludge samples taken in 1978 and 1979 from
‘ne Fairbanks (reatment plant were analyzed by
Environmental Services Ltd. in Fairbanks for
heavy metals, pathogens and other chemical
parameiers.

Runoff water from the sludge plots was col-
lected in tanks similar to our sediment collec-
tion tanks. Water samples were taken from the
tanks as soon as possible after the first major
rainstorm in both the 1978 and 1979 growing sea-
sons. These were analyzed chemically and bio-
logically by Environmental Services Ltd.

Air and soil temperature

In 1979 three temperature recorders operated
from June to September at a location about 50
m north of our main study site on Moose Creek
Dam. The instrument and shelter were placed in
a locked metal cage to discourage vandalism
(Fig. 9). Two recorders were spaced one-third and
two-thirds of the way up from the bottom of the
downstream (northwest-facing) slope. The other
was located one-third of the way up from the
bottom of tha upstream (southeast-facing) slope.
This set-up was designed to compare tempera-
tures at the top and boitom as well as to com-
pare different aspects. Each recorder had two

Figure 9. Air and soil temperature
recording instrument.
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Table 5. Mecteorological data summary from mid-1977 to 1979
at Moose Creel: Dam met team station,

Air temperature (“C)

Precipitation (mm)

Monthiy Normel

Month  meen*® meen’ Devistion

Monthly Normel

tor!* torel! Devietion

1977

May 9 9 0 ? 17 -10
june 14 15 -1 94 36 +58
July 15 16 -1 40 48 -3
Aug 17 13 +4 18 56 -38
Sept 9 7 +2 62 27 +35
Oct -4 -4 0 21 19 +2
Nov -19 -16 -3 3 Lk} -4
Dec -27 ~24 -3 18 17 +1
1978

Jan (~17)** -24 +7 (8)*+ 15 -7
Feb (-14) 19 +5 (s) 4 -9
Mar (-10) -13 +3 (17) 12 +$
Apr -1 -2 + 3 8 -5
May 9 9 0 (10) 17 ~7
June 12 15 -3 26 36 -10
July 18 16 +2 P3| 48 -27
Aug 15 13 +2 39 56 -17
Sept 8 ? +1 (27) 27 0
Oct -4 -4 0 (12) 19 -7
Nov (-13) -6 +3 24 17 +7
Dec (-16) -24 +8 (31) 17 +14
1979

Jan (-22) -24 +2 (15) 1s 0
Feb {-31) -19 -12 (1) 14 -13
Mar -1 -13 +2 (9) 12 -3
Apr -2 -2 0 6 8 -2
May 10 9 +1 1 17 -16
june 13 15 -2 27 36 -9
July 16 16 0 82 48 +34
Aug 14 13 +1 s 56 =51
Sept 7 7 0 [ 27 -22

* Mean temperatures and accumulated monthly przcipitation recorded
at Mooss Creek Dam site (U.S. Army ASL met tsam, Ft. Wainwright

detachment 1977-1979),

t Normal readings are 30-yr normal (1941-1970) taken at the Fair-
banks airport site (NOAA 1979).
** Data missing due to clock stoppages; values shown in parentheses

are estimations, See text.

sensors, one for soil temperature at a 15-cm
depth and the other for air temperature mea-
sured in the shelter 1 m above the ground sur-
face.

ABIOTIC CONTROLS ON VEGETATION

Metecrological data

Throughout our study period, the Ft. Wain-
wright Meteorological Support Team recorded
air temperature and precipitation data at a sta-
tion near the Moose Creek Dam. Table 5 pre-
sents these data along with the 30-year (1941-

13

1970) normals from Fairbanks International Air-
port (U.S. Army ASL Met Support Team 1977-
1979, NOAA 1977-1979). For periods when data
from the Met team station were missing due to
clock failure, we substituted an average value
from nearby stations at tairbanks International
Airport, North Pole and the University of Alaska
Experiment Station (NOAA 1977-1979).

Air temperature

In overview, average monthly summer air tem-
peratures during the three years of study were
close to normal in most cases (Table 5). The
greatest summertime deviation from normal was
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4°C in August 1977, The greatest monthly devia-
tions from the Fairbanks normal occurred in the
winter (7° to 12°C).

A measure of the overall growing season tem-
perature is the total number of growing-season
degree-days. Daily deviations from a selected
base temperature (usually 5°C) are totaled for
the entire period between the times in the spring
and fall when the daily average temperature
equals 5°C.

The 30-year average of the total number of
growing-season degree-days at the Fairbanks air-
port is 1063 (NOAA, Richard Haugen 1980, pers.
comm.). The comparable values at the Moose
Creek Dam for the-three years of our study were
1284 growing-season degree-days for 1977, 1218
for 1978, and 1326 for 1979. All three years, then,
had above-average normal temperatures. Rela-
tively, 1979 had the highest total, 1977 had the
next highest, and 1978 had the lowest (Richard
Haugen 1980, pers. comm.).

During the 1977 growing season, temperatures
were near normal from May through July and
above normal (by 4°C) in August. The winter of
1977-78 started with temperatures slightly
above normal (by 2°C) in September, then nor-
mal temperatures in Qctober and below normal
temperatures in November (by 3°). December
was the coldest part of the winter, averaging
-27°C (3°C below normal). The remainder of the
winter was mild, with temperatures remaining
above normal from January through April.

During the summer of 1978, temperatures
averaged slightly above normal. They were nor-
mal in May, slightly below normal in june (by
3°C), and above normal in July and August (by
2°C). The winter of 1978-79 was, for the most
part, mild. Temperatures were normal or above
normal between September and April, except for
February, which had an exceptionally low aver-
age temperature of -31°C (12°C below normal).

Temperatures during the 1979 growing season
were close to normal. The greatest deviation
from normal was in June when temperatures
were 2°C below normal.

Precipitation

Total precipitation during the study period
was above the Fairbanks normal in 1977 by 26
mm, below normal in 1978 by 58 mm, and below
normal in 1979 by 82 mm between january and
September (Table 5). Total growing season
(May-August) precipitation was 159 mm (2 mm
above normal) in 1977, 96 mm (61 mm below nor-
mal) in 1978, and 115 mmi (42 mm below normal)

in1979,

Tt e el iaal. AR |
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Throughout the 1977 growing season, precipi-
tation was highly variable. Amounts were 10 mm
below normal in May, 58 mm above normal in
June, and 8 and 38 mm below normal in july and
August, respectively. September and October
were wetter than usual (by 35 and 2 mm, respec-
tively). Between November 1977 and April 1978
there was below-normal precipitation (by 29
mm), althocugh December and March had slight-
ly more precipitation than normal (1 and 5 mm,
respectively).

The 1978 growing season was consistently dry,
with a total of 96 mm of precipitation for May-
August. July was especially dry (27 mm below
notmal). September returned to normal, but Oc-
tober was dry (7 mm below normal). The winter
cf 1978-79 began with more precipitation than
normal in November and December (7 and 14
mm, respectively). January returned to normal
and February-April had less precipitation than
normal (by 13, 3 and 2 mm, respectively).

During the 1979 growing season, precipitation
was highly variable. May and june had below-
normal amounts (by 16 and 9 mm, respectively).
July was very wet, with 34 mm above normal.
August had very little precipitation (51 mm
below normal),

Air and soil temperature on site

Figure 10 gives the daily maximum, minimum
and mean air and soil temperatures during the
1979 growing season at the three recorders near
our dam site. Table 6 contains the monthly tem-
perature averages and extremes.

The average air temperature readings (1 m
above the soil surface) were close to the 30-year
normal at the Fairbanks airport.

Average air temperatures at the three record-
ers were quite uniform, all within 0.5°C, and
were not significantly different when tested with
Wilcoxon’s signed rank test. Soil temperatures,
on the other hand, were variable. Over the three
months of the growing season {June-August),
mean soil temperatures aveiaged 3.2°C higher
on the upstream side than on the downstream
side. For June and July, soil temperatures at the
top of the downstream side averaged 3.0°C
higher than farther down the same slope. Bnth
these differences were significant at the 0.001
level with Wilcoxon's signed rank test.

Soil moisture as a limiting factor

To evaluate the importance of soil moisture as
a limiting factor for plant growth, both soil mois-
ture and plant moisture stress data were taken in
1979.
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Figure 10. Daily 1979 air and soil temperatures at the revegetation site.

15

ey
Y

kol Ll sl ot L ndi

enbacbtl L e ot o

ot

:
3
1
i
H

ekt e

h'-\Mm—-m PR




Temperature (°C)

c. Top of downstream (NW) side.

Figure 10. (cont’d) Daily 1979 air and soil temperatures at
the revegetation site.

i Table 6. Average monthly temperatures ( °C) at Moose Creek Dam site (1979).

June July August
Upstream Downstream Top Upstream Downstream Top  Upstream Downstream Top

Air’ i
Average 13.2 129 13,4 16.3 16.0 16.2 146 14.2 (16.4)* . 1
Absolute max  26.0 26.0 25.0 28.0 30.0 29.0 27.0 28.0 (27.0) E
Average max 184 17.8 18.3 22,6 22.1 22.1 21.0 20.9 (22.4)

Average min 8.0 8.1 8.5 10.0 9.9 10.3 8.2 7.6 (10.4) !
Absolute min 3.0 4.0 4.0 7.0 6.0 7.0 0,0 0.0 {7.0) ! :

Soil 4
Average 14.6 14.0 16.2 18.0 15.1 18.9 165 1na (18.7) i
Absolute max 27.0 25.0 26.0 31.0 26.0 29.0 29.0 23.0 (26.0) { 1
Average max 19.4 17.9 20.3 23.6 19.6 23.6 21.7 154 (23.4)
Average min 9.8 10.0 121 12,3 10.5 14.2 113 6.8 (14.0)

Absolute min 5.0 6.0 8.0 8.0 6.0 9.0 4.0 -1.0 (10.0)

* Data for 1-9 Aug only.

Figure 11 presents the soil moisture data for ing downslope movement of water. This relation- .
the upstream and downstream sides of the dam ship was probably obscured on the upstream .
from late May through late July 1979. Each point side of the dam by the lower total soil moisture. .
is an average of three samples. These results are confirmed with statistical

Soil moisture on the bottom of the down- analyses When the moisture data were com- %
stream side was consistently higher than that on pared using Wilcoxon’s signed rank test, the soil 4
the bottom of the upstream side. The soil mois- moisture of the samples from the bottom of the 1
ture from the top showed a similar trend 75% of downstream side was significantly greater at the
the time. : < . 0.01 level than the moisture at the bottom of the

The relationship of top- to bottom-slope soil upstream side. All other comparisons were not
moisture was variable on the upstream side of significant.
the dam. However, moisture on the bottom of Table 7 contains measurements of the diffu-
the downstream side exceeded that of the upper sive resistance of two species growing on Plot 9
part of the same slope 75% of the time, indicat- . on both sides of the dam during August 1979.

. 6
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Figure 11. Percent soil moisture at Chena
Dam —summer 1979.

Table 7. Stomatal resistances for brome and
balsam poplar.

Stomatal

Leaf  resistance

Species Location  surface  (s/cm)
Brome Downstream Lower 27.3123.4*

Upper 6.2¢1.9

Upstream Lower 61.0£32.1

Upper 12.7¢7.9

Balsam poplar Downstream Lower 3.65:2.2
Upper 77.1£30.4

Upstream Lower 3.5:0.6

Upper 80.215.3

* x + standard deviation.

Relatively high stomatal resistance values sug-
gest moisture stress conditions. in this prelimin-
ary survey, the sample size was not large enough
to point out statistically significant differences
in the stomatal resistances of the upstream and
downstream plants. However, for brome, the

17

mean resistance values were higher in the up-
stream plot (Table 7). This is consistent with the
moisture and temperature data, which show
higher soil temperatures and reduced soil mois-
ture on the upstream slope. Hence, vegetation
on the upstream slope is probably under greater
moisture stress, which reduces growth.

Soil chemical analysis

Soil analyses were performed on samples
taken during mid-growing-season in 1977 and
1978 to determine pH, organic matter, available
phosphorus (P), and available potassium (K)
(Tables 8 and 9).

In 1977 the fine-soil substrate was slightly
alkaline, with the pH ranging from 7.5 to 7.9,
whereas the gravel substrate pH ranged from 5.9
to 7.5. The more acidic samples were from treat-
ments involving peat moss. In 1978, most of
these soils, both refertilized and non-refertilized,
were slightly more acidic than they had been the
vear before.

The fine-soil treatments installed on the dam
and levee in 1978 were slightly alkaline, ranging
in pH from 7.3 to 7.7. The sludge treatments in-
cluding additional lime were alkaline (pH 7.5 to
8.6), while the sludge treatments without addi-
tional lime were close to neutral (pH 6.8 to 7.0).

The gravel substrate on the dam had 9 metric
tons/ha of organic matter. The average organic
matter in gravel with applied mulches varied
from 11 metric tons/ha for hay-mulched soil to
60 metric tonsfha for peat-moss-mulched soil.
The fine-soil cover used in 1977 averaged 32 me-
tric tons/ha organic matter, while the 1978 fine
soil averaged 43 metric tons/ha.

Levels of available P and available K in the
plots of 1977 were greatly increased from the
control, but varied depending on the presence of
fine soil and the type of mulch added (Table 8).
The fine-soil plots had less available P than other
treated plots, while the plots receiving only seed
and fertilizer had the highest levels of available
P.

in 1978 the levels of available P and available
K in the 1977 plots dropped irom the previous
vear on most non-refertilized sections of the
plots and were highest on the refertilized sec-
tions and on the sludge plots. The levee plots
and 1978 fine-soil plots had relatively high levels
of K but low levels of P, indicating a fairly rapid
immobilization or P by the soil.

No sampling for soil chemical analysis was

performed in 1979,




Table 8. Analysis of soll samples fron: 1977 dam plots (July 1977).*

Organic Awallable Awvallable
Plot numbers matter P K
Upstream Downstream __ Trealment pH (MT[ha) _(kg/ha)  (kgfha)

1,2,3 Control 7.5 (0.03)t  9(0) 13 (1.6) 110(0)
45,6 1,2,3 S-F 7.1 (0.10) 9(0.5) 317(39) 229 (18)
78,9 456 S-F-WCF 7.1 (0.03)  13(1.0) 147(11) 177(5.7)
10,11,12 789 S-F-H 7.0(0.03)  11(0.7) 251(50) 207 (16)
13,1415 1C,11,12  S-FCHM2000 7.0 (0.04)  18(1.3) 155 (23) 186(13)
16,17,18  13,14,15 S-FP 59(0,10)  60(7.9) 166 (13) 188 (9.9)
19,20,21  16,17,18  S-F-P+WCF  6,0(0,13)  63(12.7) 141 (6.3) 187 (4.7)
25,26,27 24 TS-W-FH  7.8(0.05) 36(1.7) 80(14) 199(12) ;
28,29,30  2526,27  TSWS-F-H 7.9(0.07)  34(1.7) 96(27) 276(52) E
31,32,33 28,2930 W-F-CHM2000 7.0 (0,03)  20/2.1) 141 (10) 188 (4.7) 2
14,3536  31,32,33 W-F 7.0 (0.13)  11(0.8) 188 (62} 244 (55) 3
22,23 W-FH 7.1 (0,05) 13(1.1) 309 (142) 286 (28) 3
22,24 TSS+B-F 1.5 (0) 29 (2.2) 29 (5.6) 179 (31)
23 TS-35-F-Fibgl 7.8 34 47 138 ¥
19 VI-F 7.1 1 231 182
20 V2.-f 6.9 13 248 237 3
21 V3.F 7.0 13 149 182 3
37 T5-S-F 7.9 29 74 182 .
* Analyses performed at Soll and Piant Analysis Laboratory, University of Wisconsin, E
Madison, Wisconsin. :

1 x (standard error); results without adjacent parentheses are from single samples.

Table 9. Analysis of soil samples from selected plots (August 1978). { \

Organijc Available Available
Plot matter P K
Plot type no. Treatment __pH (MT/ha)  (kg/ha) _ (kg/ha)

e L i

1977 dam plots*

DW 14 S-F.P 58 88 138 187 .
18 S-F-P+WCF 6.3 34 127 165
26 TSS-F-W.H 74 38 75 248 D
DW(R) 1€ S-F-P 6.0 38 242 352 i
19 V1.F 6.4 14 440 523 { 3
N F-W 6.4 14 440 660 ;2
upP 4 S-F 6.7 n 209 176 s
8 §-F-WCF 6.8 14 176 182 I
1 S-F-H 6.7 11 73 130 -
UP{R) 9 S-F-WCF 6.2 11 220 200 :
1 S-F-H 6.3 1 440 468
36 TS-S-F 6.3 1 275 259 4
Siudge 1,2,3 S1-F-CHM2000-L 7.8 (0.20)1 18(2.2) 249 (82) 234 (21) .
4,5,6 $2-F-CHM2000-L 8.7 (0.07) 20 (2.2) 403 (37) 296 (38) :
78,9  S2-F-WCF 6.9 (0.05) 17(2.0) 323 (65) 274 (26) i
10 S1-F 6.8 1 242 242 E
78 fine soil 1,2,3 TSS1.F 1.4 (0) 44 (2.0) 48 (4.8) 235(12) 3
456  TSS1FH  75(0.03) 42(1.2) 37(4.7) 246(13) i
North Levee 1 TS-51-F.H 7.6 41 35 226 { 4
10 TS-51-F-CHM2000 7.7 45 36 215 :
11 TSS1-F-P+WCF 76 45 63 220 :
South Levee 3 TSS1-F-WCF 73 52 226 418 i
9 TSSI-FWCF 74 52 33 226 3
16 TS-51-F-CHM2000 7.6 56 33 215 i :
* DW—downstream siope; UP—upstream slope; R—refertilized.
4 x (standard error).
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Figure 12. Average dry weight (biomass) of vegetative cover for
the 1977 dam treatments in late August 1977.

VEGETATION GROWTH
AND SURVIVAL

As previously mentioned, several seed mixes
were used in 1977, 1978 and 1979, including both
perennial and annual grasses as well as alsike
clover. The responses of these seed mixes and of
the willow cuttings are first analyzed separately.
Discussion of interactions with each other and
with the other variables, such as mulch, sub-
strate, plot aspect, frequency of fertilization,
soil temperature, and soil moisture, follows.

Data for aboveground biomass, cover, and
height are important for several reasons. In addi-
tion to providing a quantitative estimate of dif-
ferences between treatments, vegetative soil
cover is an important parameter for erosion con-
trol since vegetation reduces the impact of rain-
drops and slows the movement of water on un-
protected soils. This decreases susceptibility to
erosion. Dense vegetation provides a protective
organic mat, which prevents erosion due to mov-
ing floodwaters. Aboveground biomass indirect-
ly measures soil organic matter, which is impor-
tant for both nutrient- and moisture-holding ca-
pacity. Finally, Yiomass is a good parameter for
estimating productivity and, indirectly, vigor of
the vegetation.

Moose Creek Dam site

Treatments established in 1977

The average dry weights for the major treat-
ments are presented in Figures 12-14 for the
years 1977-1979, respectively. More detailed in-
formation on biomass, average cover class, and
maximum height for all treatments is presented
in the Appendices (Tables A1, A2 for 1977, Ta-
bles B1-B4 for 1978, and Tables C1-C5 for 1979).
Figure 15 shows some of the changes in biomass
during the three years of the study for selected
major treatments.

Aboveground biomass ranged from less than 2
g/m? to 390 g/m? over the three years of study.
Generally, downstream plots outproduced up-
stream plots. Thrice-fertilized plots produced
the greatest biomass, followed by twice-ferti-
lized and then once-fertilized plots (Fig. 12-15).
Cover values varied between 10 and 90% and
maximum heights between 10 and 60 cm (Appen-
dix Tables A1-C5). In most cases both cover val-
ues and maximum heights showed the same
trends as the biomass data. Therefore, most of
the following discussion deals with biomass,
since this seems to be the most reliable indicator
of growth.

Fertilization had a dramatic effect on biomass
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Figure 13. Average dry weight (biomass) of vegetative
cover for the 1977 dam treatments taken in late August

1978.

production. This was expected since 1977 soil
analyses showed very low levels of P (13 kg/
ha), and it is presumed that N levels were also in-
sufficient for good plant growth. Both a second
and a third fertilization increased biomass pro-
duction by the grasses (Fig. 15). During 1978,
grass biomass averaged 24 times greater on
treatments that received additional fertilizer
(Fig. 13; right side of plots shown in Fig. 16, 19
and 21). Soil analyses support these results, since
refertilized treatments averaged more than
twice as much P and K as single fertilization
treatments (Table 9). In 1979 plots that had been
fertilized twice averaged 11 times more biomass,
while plots that had both the second and third
fertilizations averaged 27 times more biomass
than their respective plots with only the initial
fertilizaiion. In fact, minimum biomass of the
twice-fectilized treatments exceeded the maxi-
mum biomass of the once-fertilized treatments,
Similarly, the minimum biomass of the thrice-fer-
tilized treatments exceeded the maximum bio-
mass of the twice-fertilized treatments (Fig. 14).

20

Several multiyear trends are evident in Figure
15. Treatments receiving a single fertilization
generally had highest biomasses in 1977, with
minimum biomasses in 1978 and intermediate
ones in 1979 (compare Fig. 20 to left of Fig. 21).
This was probably due to two factors. First, the
annual ryegrass produced over 95% of the bio-
mass in 1977 but only 31% in 1978 and 3% in
1979, Therefore, some of the decrease in bio-
mass was due to the low rate of reseeding of an-
nual ryegrass. Second, the ryegrass probably in-
hibited growth of the perennials in both 1977
and 1978, primarily by nutrient competition
(Johnson 1978). Weather may also have had
some influence; both 1978 and 1979 had below-
average precipitation (Table 5) and were slightly
cooler than 1977.

Treatments receiving a second fertilization in
1978 generally produced increased yields in 1978
and had their highest yields in 1979, the second
year after fertilization (Fig. 15, right side of Fig.
16, right side of Fig. 19). This was due to the high-
er soil-nutrient levels of refertilized treatments
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Figure 15. Comparison of biomass means for selected major
treatments over three years (1977-1979).

(Table 9) and the reduced ryegrass biomass in
1978; both factors would reduce the influence of
nutrient competition by annual ryegrass on the
perennial grasses in the seed mix, thereby in-
creasing overall production,

Another observation relating to fertilization
concerns interactions between the fine-soil treat-
ments and fertilization. In 1978 and 1979 the
fine-soil treatments produced the areatest bio-
mass of all single fertilization treatments. Also,
fine-soil treatments receiving a single fertiliza-
tion did not exhibit the marked decline in bio-
mass in their second year. in fact, some treat-
ments actually produced the lowest biomasses
in 1977, followed by increases in both 1978 and
1979. These results indicate the higher nutrient-
holding capacity of these soils.

Annual ryegrass competition is influenced by
seeding rate as well as fertilization. For the treat-
ments with different annual ryegrass seeding
rates, the twice-fertilized plot with 6 kg/ha annu-
al ryegrass (V1 seed mix, Table 2) had the great-
est hiomass in 1979, whereas in both 1977 and

R AP

1978 the plot with 14 kg/ha annual ryegrass (V3)
had the highest biomass. This may indicate that
a higher proportion of annual ryegrass in the
seed mix produces higher short-term biomass
production at the expense of longer term reduc
tions. It is not known how long such a reduction
may persist,

The aspect of the plots affected the vegeta-
tion responses. As previously mentioned, the
downstream plots generally outproduced the up-
stream plots (Fig. 15). In 1977 and especially
1978 the biomass cover and maximum height of
the downstream treatments generally exceeded
those of the comparable upstream treatments
(68% of the time in 1978) (Fig. 17 and 18; Tables
A5-A12). Although in 1979 this was true for only
65% of the comparisons, it was true 90% of the
time for the triple fertilization treatments and
less often for the double and single fertilization
treatments.

These results reflect an interaction between
soil moisture and fertility levels. Where nutrient
levels were adequate (after triple fertilization

i
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Figure 20. Upstream plot 14 (S-F-CHM2000), 2
August 1977,

and less so for double fertilization), it is likely
that soil moisture limited vegetation growth.
Since the upstream side generally had less soil
moisture (Fig. 11) and, at least for brome,
showed greater moisture stress than the down-
stream side, it is reasonable that measurements
(of biomass, cover and height) should show more
growth on the downstream side in the triple-ferti-
lization treatments. However, in both twice-and
once-fertilized treatments, the difference be-
tween upstream and downstream plots was less
dramatic because nutrients, rather than mois-
ture, may have limited growth in at least sonie
cases.

To a lesser extent, growth was also reduced at
the top of the slope compared to that at the bot-
tom of the slope. This was particularly true in
1977 and 1978. However, the major treatments
did not show any clearly discernible differences
in 1979 biomass at the top versus the bottom of
the slope. Biomass was greater at the bottom of
the slope only slightly more than half (55%) of
the time in 1979. In contrast, during 1978 the bio-
mass at the bottom of the slope was greater 77%
of the time and averaged 150% of the biomass

Figure 21. Upstream plot 14 (S-F-CHM2000), 25
August 1978, right half refertilized.

at the top.

Biomass production of the fiberglass treat-
ment was well below average in both 1978 and
1979 (Tables A8 and A13). This was probably be-
cause the fiberglass blanket detrimentally shad-
ed the grass.

Treatments established in 1978

The average dry weights of vegetation for the
Moose Creek Dam treatments installed in 1978
are presented in Figure 22, including both 1978
and 1979 results. Tables D1 and D2 present more
detailed data for biomass, cover, and maximum
height in 1978 and 1979, respectively.

The 1978 and 1979 aboveground biomass from
the 1978 sludge and fine-soil treatments ranged
from 10 g/m? to over 460 g/m?, the highest values
of any treatment on the dam. Cover values
ranged from 10 to 70% while maximum heights
varied from 16 to 75 cm (Tables D1, D2). (It
should be noted that the seed mix on many of
these plots included two taller species, brome
and meadow foxtail, which were not used on the
1977 plots.)

Although aboveground biomass from the
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Figure 22. Average dry weight (biomass) of vegetative
cover for the 1978 dam treatments in late August 1978

and 1 979.

sludge treatments varied widely, the most pro-
ductive sludge treatments compared favorably
with the better 1977 treatments. In 1978 the
sludge treatment with fertilizer and the S1 seed
mix yielded the greatest average biomass, which
was 95% of the maximum first-year biomass of
any of the 1977 treatments. In 1979 the twice-fer-
tilized sludge treatment with wood-cellulose-fi-
ber mulch (WCF) produced the greatest biomass
of any treatment, including thrice fertilized 1977
treatments that had had an extra year to become
established.

Other sludge-treated plots outproduced simi-
lar, but unsludged, plots. For example, the once-
fertilized sludge treatments with no additional
lime produced greater second-year biomass than
any of the once-fertilized 1977 treatments ex-
cept those with fine soil.

Sludge amendments definitely increased
growth, although the refertilized sludge plots
had the highest yields. The twice-sludged treat-

.

ments had more biomass in 1979 than the once-
sludged treatments (2.8 times) but less than the
twice-fertilized sludge treatments (0.29 times). In
general, 1979 biomass, cover, and height values
increase from once-sludged, to twice-sludged, to
once-sludged plus twice-fertilized treatments
(Fig. 22).

Sludge aids in vegetation establishment in sev-
eral ways. On coarse-grained substrates, such as
the gravel dam, the organic matter in the sludge
increases the moisture- and nutrient-holding ca-
pacity of the soil. In addition, the sludge itself is
a source of some nutrients for plants. The higher
levels of available P and K in sludged treatments
(Table 9), compared to those of unsludged treat-
ments (Table 8), reflect these differences in nutri-
ent sources and retention.

Additional lime raised the soil pH (Table 9)
and generally reduced plant growth on lime-
treated sludge plots. This is shown by the re-
duced biomass, cover, and maximum height in
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Figure 23. Survival rate of willow cuttings in late August

1977-1979.

the 1978 and 1979 sludge treatments with addi-
tional lime, compared to sludge treatments re-
ceiving only fertilizer and mulch (Fig. 22, Tables
D1 and D2). The high pH may have directly inhi-
bited plant growth or indirectly affected nutrient
availability.

Although the fine-soil treatments did not pro-
duce the highest biomasses in either 1978 or
1979, their growth was quite good. The once-fer-
tilized fine-soil treatments produced the highest
biomass of all single fertilizatinn treatments in
1979. However, the twice-fertilized fine-
soil treatments had less growth than the twice-
fertilized sludge treatments hut more than the
twice-sludged treatments (Fig. 22). Presumably,
the fine soil increased growth by increasing both
soil moisture and nutrient retention, in a manner
similar to the sludge. When one considers that
these 1978 fine-soil treatments were all located
on the hotter. drier upstream side of the dam
(Fig. 11, Table 7), these results indicate that the
1978 fine-soil treatments may have performed
the best of any treatments overall.

Finally, in 1979, reseeded and refertilized Con-
wed blankets produced below-average yields of
vegetation, although they were much greater
than in 1978.

Willow cuttings
Figure 23 presents the survival rate (in late
August 1977, 1978 and 1979) of the willow cut-
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tings, which were planted in 1977. More detailed
data are given in Appendix E. General comments
on willow survival are presented below, and in-
teractions between willow cuttings and grasses
are discussed in the following section.

Substrate type affected willow survival. Three-
year survival was lower on unseeded fine-soil
treatments (35.3%) compared to either an identi-
cal gravel treatment (52.3%) or the average sur-
vival for all gravel treatments (59.0%) (Fig. 23).
This may have been indirectly due to competi-
tion associated with the higher rate of grass
cover on the fine-soil plots (Table CS), as dis-
cussed in the subsequent section on interactions
between grasses and willows.

Soil moisture was probably a critical factor in_
determining willow survival. Willows had a high-
er survival rate on the bottom of the slope, as
opposed to the top. Survival at the bottom aver-
aged 12.6% greater in 1977, 9.9% greater in
1978, and 14.8% greater in 1979. Presumably
these differences were due to increased soil
moisture near the base of the slope, although the
soil moisture data are too limited to be conclu-
sive (Fig. 11). Neither refertilization nor aspect
had a consistent effect upon survival.

All treatments except fine-soil with fertilizer
and hay incurred most of their three-year mortal-
ity (32 to 93%) during the initial growing season
(32 to 879%). Winter survival for all treatments
averaged 85% in both 1977-78 and 1978-79.
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Table 10. Maximum height of new growth (cm) of willow cuttings, 1977-78.

1978 1978

Top* Bottom! Avg,**

Top__Bottom Avg, Fert. Unfert,

1977
Trestment Side
TS-F-H Up N 299
Dw 243 416
{1 rep only)
F-H Dw 436 431
TS-5-FH Up 0 216
Dw 258 na3
F-CHM2000 Up 345 334
Dw 426 579
F Up 59.7 471
Dw 420 469

30.5

B0

434

216

29.8

kLR

50.7

531

4.8

20,61t 469 400 483 299
(6.2) (7.3} (5.5) (6.0) (8.3)
16,2 437 323 238 409
(5.0) (13.4) (8.8)(12.6) (12.4)

54.5 536 S4.1 704 374
(5.8) (11.2) (6.0) (9.2) (6.3}

6.5 195 175 22,0 146
(0.5) (42) (3.8) (8.1) (3.7)
199 256 24.2 305 17.9
(4.9) (49) (3.6) (5.3) (4.2

44,6 349 392 s8.2 203
(1.3)  (65) (4.8) (6.4) (4.3)
52.8 718  62.5 829 404
(5.6) (7.5) (48) (65) (3.6)

740 565 602 7137 466
(7.2) (5.3} (4.6) (5.6) (6.5)
528 1066 77.2 1011 53.2
(8.3) (19.3) (6.8) (9.2) (5.3)

* Top three rows.

1 Bottom three rows,
** Average of all cuttings.
t1 X (standard error),

Winter mortality was highest in the fine-soil
treatments, especially during the 1978-79 win-
ter, which was colder than the previous winter
(Table 5).

Fertilization, slope position and aspect influ-
enced growth. Willow growth was greater down-
stream in three out of four treatments during
1977 and 1978 (Table 10). Willow growth was
consistently the same or greater at the base of
the slope than at the top in both 1977 and 1979
for downstream treatments. Overall, willow
growth during 1979 averaged 63% greater at the
base of the slope. The greater growth down-
stream and at the base of the slope was probably
due to greater moisture at those locations (Fig.
11). Moisture differences were most pronounced
between the top and bottom of the downstreain
side and between the bottoms of the down-
stream and the upstream sides. These locations
also showed the largest differences in growth.

Interactions of willows and grasses

When gras; seed and willow cuttings were
planted together, willow survival dramatically
decreased. Ir 1979, as in 1977 and 1978, the sur-
vival rate was much higher on unseeded treat-
ments (34.4% versus 7.1% upstream and 35.3%
versus 14.7% downstream) (Fig. 23).
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Without seeding, good cover and biomass
were produced by willows with fertilizer and hay
and by willows with fine soil, fertilizer and hay
(Tables B4 and C5). in 1978 these treatments pro-
duced the highest biomass values for non-referti-
lized treatments. Presumably, most of this cover
was produced by grass and weed species intro-
duced as seed in the hay.

As previously mentioned, soil moisture seems
to be a critical factor in willow survival. The
seeded grasses probably increased willow mor-
tality by competing for soil moisture. Since the
grass roots are generally very shallow, they
would be able to absorb moisture from light
rains before it reached the deeper roots of the
willows. Therefore, willows surrounded by
grasses would be primarily dependent on pro-
longed, soaking rains for moisture. This factor
probably accounts for the higher mortality rate
of willows in the seeded treatments and, to a les-
ser extent, in the fine-soil-covered treatments
which developed a good grass covering (Table
C5).

Tanana Levee site

Figure 24 presents the average biomass values
for the levee treatments in 1978 and 1979. Tables
F1 and 2 list all biomass, cover and maximum
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Figure 24. Average dry weight (biomass) ~! vegetative cover for
the Tanana River Levee treatments in l2.» August 1978 and 1979, L

heights for the levee treatments in 1978 and er than those of any of the 1977 dam treatments. .
1979, respectively. Aboveground biomass values The twice-fertilized seed-plus-hay-muilch treat- i
varied between 60 and 652 g/m? in 1978 and ment in 1979 produced greater biomass than any
1979. Vegetative cover ranged from 32 to 70%, treatment on either the levee or the dam. “1
while maximum heights varied between 36 and Aspect affected differences in growth on the ;
123 cm. Again, maximum heights on the levee levee itself. In 1978 four of seven treatments on §
exceeded those of the 1977 dam treatments be- the north side of the levee had greater biomass. D
cause both brome and meadow foxtail were add- In 1979 only two of seven of the once-fertilized :
ed to the seed mix. treatments and five of seven of the twice-ferti- L

The biomass values for the levee treatments lized treatments had greater biomass on the
consistently exceeded those for comparable north side. On the levee, the limited data avail-
once- or twice-fertilized treatments on the dam. able suggest lower soil temperatures and higher
Although the data are incomplete, 1978 soil- soil moisture on the north side. Therefore, as re- ;
moisture and temperature measurements from ported for the 1977 dam treatments, it is likely i
the levce indicate moister, generally cooler con- that soil moisture limited growth on the south-
ditions on the levee, compared to the slopes of side treatments when soil fertility was high (e.g. :
the dam. Furthermore, the organic-matter con- 1978 and refertilized treatments in 1979). The )
tent of the fine soi! on the levee was generally lack of consistent differences in north/south 1
greater than that used on the dam (Table 9). This growth in 1979 among once-fertilized treatments i
would tend to increase soil moisture-holding ca- is probably because soil nutrients are more li- ’{'
pacity on the levee. Therefore, low soil moisture miting in these cases than is soil moisture. 1
was probably more limiting on the dam than on The two most productive treatments on the le- |
the levee. vee were the twice-fertilized seed-plus-hay-

In both 1978 and 1979, the highest values for mulch and the twice-fertilized seed with wood-
biomass, cover and maximum height were great- cellulose-fiber treatments (Fig. 24).
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Table 11. Percentage of biomass by species.

% biomass
1977 dam plots 1978 dam plots Levee plots
Species 1977 1978 1979 1979 1979

Perennials 3.7

Fescue 64 943 35.7 9,1
Bluegrass 1 1.6 0.8 0.3
Brome 25 22,2 6,7
Annual ryegrass 96,3 31 1.5 0.1
Clover 4.1 76.3
Foxtail 37.2 7.5
Qther 4

Table 12. Measurements of woody species growing on the

dam,

Species Measurement

Length (cm)
Max. Avg. Std. error

Balsam poplar Shoot height

Lateral root spread
Deepest root penetration 70 47,3 (11.4)

Feltleaf willow Shoot height

Lateral root spread
Deepest root penetration 38 225 (5.8)

5. 513 (2.8)
95 73.0 (11.1)

151 1325 (13.5)
132 1135 (11.4)

Biomass by species

Table 11 presents the data for the dry weight
biomass samples arranged by species. Annual
ryegrass dominated all plots in 1977. In 1978 and
1979 fescue became the dominant species by
weight on the 1977 plots. In the 1978 plots fox-
tail produced the greatest biomass, but fescue
biomass was almost as large and brome was also
a dominant species, Finally, on the levee plots
clover produced the greatest biomass by far.
Foxtail, fescue, and brome were consistently pre-
sent, but in much lower amounts than clover.
Clover may offer significant advantages in N fix-
ation on wetter, cooler sites such as the levee.
However, it should be heavily fertilized with P to
enhance this process.

Root penetration

Table 12 presents the data for maximum
rooting depths and lateral spread of balsam pop-
lar and feltleaf willow seedlings growing on the
dam during the 1979 field season. Table 13 pre-
sents data for root biomass of aspen and balsam
poplar in relation to depth. Data in the tables are
derived from two sets of excavations in which a
total of 13 plants were examined.

All excavated roots were less than 1 cm in dia-

L s e B s 1 T s b

29

meter. Root biomass also decreased rapidly with
depth (Table 13). For example, 70% of the bal-
sam poplar and 63% of the aspen root biomass
were within the upper 10 cm of soil, while only
12% of the balsam poplar and 5% of the aspen
root bioniass were deeper than 20 cm.

The maximum depth of rooting was fairly shal-
low (70 cm) (Table 12). When this is combined
with the rapid decrease in root size and biomass
with depth, there appears to be little potential
for deep root penetration into the dam. Feltleaf
willow is especially notable. Although it pro-
duced the tallest shoots (151 cm), it had the shal-
lowest maximum rooting depth (35 cm).

Seedling density of invading woody species
Table 14 presents the density of seedlings of
invading native woody species on different areas
of the gravel dam in 1979. The highest seedling
densities were found on the unseeded treat-
ments: the unseeded but fertilized fine-soil treat-
ments and the untreated downstream section.

Weeds

During all three seasons, several weed species
as well as several native species of vegetation
were present on the site. Species observed, other
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Table 13. Bliomass of woody species’ roots in relation to depth (for roots

> 1 mm in diameter).

Shoot ht Rooting depth
{em) (cm) Root blomass*
Species Max Awg Absmax Awymax 0-10ch 10-20cm 2G-:.ux depth
Balsam poplar 92 86,0t 35 35 43.2 108 7.6
(6.1) (0) (1.6) {5.6) (3.2)
Aspen 93 822 52 328 40.4 20.4 3.2
(7.9) (6.8) (4.4) (10.8) {2.8)

* g/m? of rooting zone
t+ X (one standard error)

Table 14. Density of woody seedlings (seedlings/m?) on the gravel dam.

Seeded Fine-soil cover
Side Untreated Fi* F2T  Flseeded F2 seeded Fl
Downstream 14.4 (4,7)**  0(0) 0(0) 0{0) 2.6(1.1) 31.9(10.7)
Upstream 2,6(1.1)  0.1(0.1) 0.3(03) 0(0) 0.1(0.1) 25.0(7.0)
* F1-1977 fertilization,
t+ F2—-1977 + 1978 fertilizations,

** X (one standard error).
than those which had been purposely seeded on- SUPPLEMENTAL OBSERVATIONS
to the plots, included squirreltail (Hordeum juba-
tum), yarrow (Achillea borealis), pigweed (Chen. Sediment loss
opodium album), fireweed (Epilobium angusti{s-
lium), aspen (Populus tremuloides), balsam pop- Gravel plots
lar (Populus balsamifera), and brome (Bromus in- Table 15 gives the average sediment loss from
ermis), which was not planted in the 1977 plots. the gravel plots (no. 1-23, 31-36) collected be-
Some of these species were introduced in the tween their installation (May) and 26 August
mulches, while other species, particularly aspen 1977. The data show that little erosion occurred
and balsam poplar, were able to invade from ad- on any of thes= plots, including the controls. In-
jacent stands of native vegetation. Squirreltail dividual sediment loss values ranged from 14.5
was the most widespread weedy species, but yar- kg/ha on Plot 10 to 130.8 kg/ha on Plot 1.
row achieved the highest densities, primarily on These results were expected with the coarse
the upstream fine-soil-with-hay treatments. Ac- substrate, since less than 4% of the fill on the
cording to our visual estimates, yarrow com- upstream side would pass through a no. 200
posed a large part, if not the majority, of the bio- sieve (0.074 mm) and less than 40% would pass
mass of the vegetation on a few of these plots. It through a no. 4 sieve (4.8 mm).
appeared that yarrow seed in the hay germi-
nated and grew well on the hot, droughty up- Fine-soil plots
stream fine-soil plots. Howaver, yarrow would Sediment was collected from the fine-soil
probably not provide enough cover to prevent plots (no. 25-30 and 37) after each major storm
erosion. in 1977 and 1978 (Aldrich and Johnson 1979).
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Tabie 15. Sediment loss from up-

e R A

stream gravel plots on the dam (May-
26 August 1977).
- Sediment loss*
H Plots Treatment (hg/ha)
31,32,33 W.F-CHM2000 23.6 (9.6)1 ;
13,14,15 S-F-CHM2000 24.4 (6.5) 3
19,20,21 S.FP+WCF 24.4 (10.8) *
) 10,11,12 S-F-Ha: 25.6 (29.0)
16,17,18 S-F# 27.5 (1.8)
34,3536 W-F 50.5 (33.2)
789 S.-F-WCF 52.6 (44.9) ;
1,23  Control 86.3 (97.0) ;
456 SF 93.1 (62.7) 1
* Based on plot size 1,2 mX15.2 m; dry ,f
?' weight. k
3 { + x(y)—average (range). 3
3 J
4 Table 16. Sediment loss from the 1977 fine-soil plots (kg/ha)
£ during summers of 1977 and 1978.* :
TS-W-F-H TS-W-S-F-H 7S-S-F ;
. Plot Plot  Plot Plot Plot Plot Plot
Date 25 26 27 28 29 30 37
£ 3
1977 :
June 28.8 433 1216 506 608 568 262.6 ,
Juty 3.7 79 56 S7 58 66 271.8 4
Aug 682 558 200 969 451 1015 14,6139 :
Sept 22 S0 23 31 18 13 417 3
Oct 1.6 12 14 15 1.3 3.0 101.6 i
Towal 1045 1132 1509 157.7 1208 1752 152916
Av. 122.9 (46.4)T 151.3 (54.4)
1978 ii
Apr 132 107 111 716 344 473 3489 i
May 122 117 185 177 149 115 41,0 :

june 2.5 33 15 18 8.0 .4 324

July 983.1 33748 B869.) 9181 206.5 8740.8 14,754.0
Aug 87.1 40.2 692 244.2 25.0 6828 18263
Total 1098.2 3862.1 9754 12594 288.8 9499.8 17,0023

Avg. 1958.6 (2826.7) 3682.7 (9211.0)

* Based on plot size 1.2 mX15.2 m; dry weight.
¥ x(v) = average (range).

Table 16 summarizes these data on a monthly
basis.

In 1977 the sediment-loss results from most of
the fine-soil plots were well below the limit of
2200 kg/ha-year (or 1 ton/acre-year) set by the
U.S. General Accounting Office in their report
To Protect Tomorrow’s Food Supply, Soi! Conser-
vation Needs Priority Attention (February 1977).
The one exception was Plot 37, which lost 15,290
kg/ha of sediment. Poor initial compaction of
the soil cover and surface disturbance by motor-
cycles may have caused this high sediment loss.

n

Sediment loss collected from April through
August 1978 (Table 16) was much higher than
that in 1977. Only three of the seven fine-soil
plots lost less sediment than the above-men-
tioned limit. The loss of sediment ranged from
289 kg/ha on Plot 29 to the very high 17,000
kg/ha on Plot 37.

The great increase in sediment loss during
1978 was mainly due to intense July rainstorms.
These storms produced sediment loss amounting
to 50~90% of the total recorded for both years.

Aldrich and Johnson (1979) also studied the
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Figure 25. Gully erosion on the downstream side of the dam — August 1978.

soil loss from the fine-soil plots. They used the
sediment data to solve the universal soil loss
equation (USLE) for the cover and management
factor for the vegetation types present on the
plots. The USLE is used to predict sheet-rill ero-
sion at given locations.

Erosion

The same short, intense storms that produced
the erosion on our plots in mid-july 1978 also
caused gullies to develop along the dam. Al-
though widespread, they first appeared and were
more prominent where the dam curved. The
large gullies, averaging 15-45 cm in width and
depth, terminated as fans of debris at the toe of
the slope (Fig. 25). Smaller rill erosion without
the larger washout fans formed during a later
storm that summer. Rills were 10-15 cm in width
and depth and usually occurred in large num-
bers covering expanses about 30 m wide.

Slumping occurred in two areas during the
1979 spring thaw period (Fig. 26). These were
near Sections 265-270 and Section 3i0 of the
dam. Up to 2 m? of material slumped out over

the rip-rap at the bottom of the slope.

To determine if vegetation will help prevent
slumping during thaws, a plot was established in
May 1979 near Section 310 adjacent to the area
that experienced slumping. This plot will be ex-
amined in future years.

Sludge and runoff-water composition

Sources of public health concern are the pres-
ence of heavy metals or other potentially toxic
elements in sludge applied to the land and the
possible transmission of disease by pathogens,
including fecal coliforn:.

Tables 17 and 18 present partial listings of the
analyses performed on the applied sludge and
the runoff-water samples collected at the base
of our plots in 1978 and 1979, respectively, in-
cluding heavy metal and coliform contents. The
complete results appear in Appendix Tables
G1-G4. The data show that runoff water coming
directly from the plots conforms to recreational
water standards, with minor exceptions, and thus
creates minimal contamination problems.

The only high values in the runoff water were

o e - T -
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Figure 26. Slumping that occurred during spring thaw, May 1979.

a generally high chromium content and high
counts of total coliform in two 1978 samples, in-
cluding one from a contiol plot with no treat-
ment (Table 11). All other samples had coliform
contents well belew the maximum permitted for
racreational use (10,000 total coliform/100 mlL
and 2,000 fecal coliform/100 mL) (USEPA 1978,
Kerri et al. 1976).
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Johnson (1979) and Winslace (1979) also
studied land application of the Fa:thanks sludge
for agricultural purposes in 1978 at the Universi-
ty of Alaska Agricultural Experimentatio:» Sta-
tion. In soil with sludge applied to it they fcund
rapid die-off of pathogens at a rate of about 1/3
of the pathogens per day. Nutrient levels of
those soils also increased.

3




Table 17. Contents of sludge and runoff water, 1978.

Sludge . Runoff water
Total Total Total Total Fecal Chromium
Plot nitrogen phosphorus Potassium solids  coliform coliform Arsenic Baerlum Cadmium (+6) Fluoride ‘Iron
Treatment _no, (mg/L) (mg/L) _ (mg/L) (%) (no./100mL) (no./100mL) (mg/L) (mg/L) (mgjLt) (mg/L) (mg/L) (mg/L)
Control TNTC* 0 0.013 <0.1 0.002 0.09 0,03 6.2
SGS1-F-L- 1 202 130 567 4S5 0 0 0038 <01  0.005 0.09 005 21
CHM2000 2 89 120 558 4.1 33 0 0,024 <0. 0,002 0,10 0.04 33
3 136 140 492 40 0 0 0,007 <0. 0.002 0.09 0.05 34
$G-S2-F-L- 4 143 135 59.7 33 0 0 0019 <04 0.001 0.15 0.04 6.1
CHM2000 § .56 135 54.0 34 0 0 0.014 <0.1 0.003 0.12 0,05 5.6
6 160 120 58.8 3.9 0 0 0026 <0.1 0.004 0.19 0.04 104
. SG-S52-F- 7 106 ' 140 60.6 44 TNTC 0 0022 <01 0.004 0.10 0.03 6.9
WCF 8 58 145 525 4.0 1 0 0015 <0.1 0.003 0.09 0.03 5.8
9 199 60 47.1 1.5 68 0 0015 <01 0.002 0.15 0.03 6.9
SG-S1-F 10 193 160 51.0 3.3 0 0 0,012 <0.1 <0.001 0.15 0.03 54
* Too numerous to count.
Table 18. Contents of sludge and runoff water, 1979,
‘ . Sludge Runoff water
A Total Total Fecal Total Total Total Fecal
Ferti- Kjeldah! N phosphorus Potassium  coliform  Sollds nitrogen phosphorus Potassium  coliform coliform
lzation* (%) (mg/L) _ (mg/L) (no/100mL) (%) (mg/L) (mg/L) (mg/L) (no.,/100mL) (no./100mL)
Control 3.00 .0,12 1.898 0 —
<1 0.06 1.510 0 —
$G-S1.F-L- F1 1.98 0,18 3.89 0 -
CHM2000 F2 2.44 0.25 4,93 0 -
(plots 1-3)}  5G2 5.35 685 163 24x107 4.0 3.13 0.24 8.12 3 70
S$G-S2-F-L- F1 1.85 012 2,262 0 -
CHM2000 F2 <1 0.21 2.056 0 -
(plots 4-6)t  SG2 4,93 650 186  6.0x10* 55 <1 0.24 2.192 0 -
SG-52-F-WCF F1 <1 017 7.05 c -
(plots 7-9)t  F2 <1 0.06 1.603 0 -
SG2 4.54 678 134 2.4x10¢ 55 <1 0.21 2.168 0 -
SF-S1-F F1 <1 0.24 2.337 0 -
{plot 10) F2 <1 0.25 5.31 1 <10
$G2 <1 0.21 10.78 0 —

* F1-1978 fertilization; F2—1978 and 1979 fertilizations; SG2—1979 resiudging.
1 Analyzed samples were composites from all three plots.

ial seeding and fertilizing with the cost of hydro-
mulching a similar treatment. The third is a dis-
cussion of maintenance costs following initial

COST ANALYSIS

We prepared an analysis of the costs of estab-

lishing the treatments tested in this study. The
analysis is divided into three main parts. The first
is a comparison of various costs based on using
hydromuiching application methods for all
treatments. Second, we compare the cost of aer-
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establishment of a vegetative cover.

We computed the treatment application costs
by adding all the material and installation costs
that would be involved. These costs were chosen
from the national averages listed in Building




Tregtment

Table 19. Treatments ranked by increasing cost.

£ine Vegeta-
Rank soill Sludge tion  Fert, Lime

Cost ($/he) Total 3

Mulch Mat.* Inst.* Total for dam

1 S F
2 SG S F
3 ) F
4 SG S F
5 SG S F L
6 SG S F L
7 S F
8 TS S F
9 TS S+B F
10 TS S F
1 TS S F
12 w F
13 w F
14 TS 3s F
15 TS w F
16 TS W+S F

2271 1435 3706 140,100
2271 1435 3706 140,100

M 2869 1435 4304 162,700
M 2869 1435 4304 162,700
M 2900 1435 4335 163,900
M 2900 2870t 5770 218,100
2M 3467 2870 6337 239,500
2271 5858 8129 307,300

2821 5858 8679 328,100

M 2869 5858 8727 329,900
M+Blanket 7651 2631 10282 388,700
6366 5733 12098 457,300

M 6963 5733 12696 479,900
Fibgls 9086 7054 16140 610,100
M 6963 10156 17119 647,100
M 8159 10156 18315 629,300

* Cost is divided into material {Mat.) and installation (inst,) factors—see text and Table 20,

1 Includes added cost of spraying mulch, seed, fertilizer and lime over sludge.

Construction Cost Data (Robert Snow Means Co.
1979), a reference designed to aid contractors in
calculating their construction expenses. (This
reference will hereafter be referred to as
“Means.”) We also checked with landscaping
firms in Anchorage tc confirm that the national
average would be a good approximation of cur-
rent Alaska prices.

Table 19 lists treatment cost totals using hy-
dromulching techniques whenever possible.
These cost totals were calculated from the indi-
vidual treatment costs (Table 20), which are di-
vided into material and installation (labor plus
equipment) costs. The values given are listed in
Means as bare costs, i.e. not including overhead
and profit. The reference column in Table 26
shows the exact line number in Means from
which the prices were taken.

The installation procedures used for calcu-
lating installation costs are: spreading fine scil,
stapiing the mulch blanket or fiberglass cloth to
the ground surface, planting willows, and hydro-
mulching sludge or water with combinations of
seed, fertilizer, mulch and lime. Hydromulching
installation cost is doubled in two cases. The
first is the ireatment with both peat moss and
wood-cellulose-fiber mulch. Because of the high
application rate, these would have to be sprayed
in two stages to avoid overioading the hydromul-
ching equipment. The second case is the treat-
ment in which the seed, fertilizer, mulch and
lime are sprayed over a previously sprayed layer

of sludge.

The prices of materials were taken from
Means except in a few case. The combined cost
of seed and fertilizer is listed as $2271/ha
($0.19/yd?). However, the addition of a native
species, biuejoint, to the seed mixture raised the
cost by $550/ha. The high price for bluejoint
seed ($50/kg) may be reduced in the future as
commercial seed supplies increase.

The same materials cost is used for all the var-
ious mulches sprayed by hydromulcher ($598/
ha), while costs for the mulch blanket and fiber-
glass were considered to be equal to that of the
stapled plastic netting listed in Means.

No materials cost is included for the fine soil
or the sludge, since these do not need to be pur-
chased. Their only cost is the installation
charges, which include hauling and spreading by
equipment for the fine soil and hydromulching
for the sludge.

The cost of willow cuttings and their installa-
tion is estimated because an equivalent process
is not listed in Means. We used a materials cost
of $0.50 per cutting and a planting rate of 400
cuttings/day by a three-person crew. The total
cost of the willow treatment could go down if a
more mechanized method of planting is devel-
oped.

The treatment costs range from about $3706/
ha for seed and tertilizer with or without sh.dge
to $18,315/ha for fine soil, willows, seed, fertili-
zer and mulch (Table 19). Willows and soil cover
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Table 20, Individual trentment costs.

Cost

Abbrevistion  ($/he) Reference*
Material
Seed S 1195 2.8 45100
Triple rate of seed 3s 3585 2.8 45100
Sead + bluejoint S+8 1695t 2845100
Fertitizer F 1076 2845100
Mulch M 598 2845110
Lime L n Estimated
Sludge SG No charge
Fine soii Ts No charge
Willows w 5290 Estimated**
Blanket Blanket 4782 2.8 07 0101t
Fiberglass Fibgls 4782 2.8 07 010
Installation
Fine soil 4423 2.8 25 080
Blanket 1196 2807010
Fiberglass 1196 2.8 07 010
Willows 4298 Estimated
Hydromulching*** 1435 2.8 45 100

* Line reference from Building Construction Cost Data (1979).

1 Additional bluejoint seed, 11 kg/ha at $50/kg = $550/ha.
** Willows: 2645 cuttings/ha at $0.50 each,
instalied by a 3-person crew at 50 cuttings/hr.
11 Fiberglass and mulch blanket treated like stapled plastic

netting,
¢** Hydromulcning uss?  spread sludge or water with com-
binations of seed .. . .izer, mulch or lime.

are the largest cost factors, with a total cost of
about $9590/ha and $4420/ha, respectively.

We also calculated the cost of entirely revege-
tating both sides of Moose Creek Dam with the
treatments we have tested (Table 19). This was
based on estimated dimensions of the dam of
12,400 m long and 15.2 m high (or 37.8 ha). The
total ranges from 140,60~  %692,300.

When wo. cmpared .. _ust of spreading
seed and fertilizer aerialiy to the cost using a hy-
dromulcher, we found that the aerial technique
is about half as expensive. Aerial spreading costs
$1976/ha (Means 1979, line 2.8-45-220); hydro-
mulching costs $3706. Aerial - ading is not ne-
cessarily equally effective .- - ever.

The cost of maintaining vegetation once it be-
comes established mainly involves annual refer-
tilization for one or two years. This can be done
aerially at a cost of about $1500/ha, or $56,700
for the whole dam. No mowing should be neces-

sary.
CONCLUSIONS

The following observations are apparent from
this three-year study:

1) A vegetative cover can be established on
the gravel face of the dam and levee. The vege-
tation will help to reduce erosion and will im-
prove the aesthetics of the structures.

2) Fertilization is required for at least two
years to produce an adequate biomass, although
fine-grained soil or sludge added to the site re-
duces the amount of fertilizer needed in the se-
cond year. Fertilization during the third year in-
creases vegetation growth, but probably is not
required since the benefits of the second fertili-
zation continue for at least two years.

3) Willow cuttings offer a viable means of re-
vegetating the dam. On the basis of a root pene-
tration study, they appear to pose little or no
threat of deep root growth. The same study
shows that four- to five-year-old invading native
woody seedlings also do not pose root penetra-
tion problems on the gravel dam.

4) Grasses reduce willow growth and survival;
therefoie, they should not be simultaneously
seeded if willow cuttings are planted. If addi-
tional vegetation cover is desired, straw mulch
may be used at the time of willow planting, or
grasses may be seeded one year later (to avoid
competition with the willows during establish-
ment).

5) The use of sludge from the Fairbanks treat-
ment plant poses little, if any, danger from
heavy metals or pathogens. The Chena River
Lakes Project is an ideal place to use this sludge
to improve the moisture and nutrient soil re-
gime.

6) Sludge offers a viable alternative to annual
fertilization or establishment of a fine-soil cover.
The highest biomasses in this study, including
those from the three-year treatments receiving
three fertilizer applications, were achieved with
sludge plus fertilization.

7) Growth on the upstream (SE) side of the
dam is less than on the downstream (NW) side
due to a combination of higher soil tempera-
tures and reduced soil moisture. Presumably, the
higher temperatures compound moisture stress
for the plant cover.

8) The levee is a more favorable environment
than the dam for growth, as evidenced by higher
biomass and cover values for comparable treat-
ments. This is probably due to more favorable
moisture conditions.

9) Fescue, brome and foxtail all produce ade-
quate biomass on well-drained sites. Alsike clo-
ver seems to be the most promising species at
wetter sites such as the levee and should be used
whenever possible since it will help to increase

s0il nitrogen.
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10} Lack of moisture appears to limit growth
principally in treatments receiving high fertilizer
applications. The fertilizer alleviates nutrient li-
mitations that would otherwise commonly be
encountered. Hence, diffei=nces in growth due
to moisture variations between north and south
aspects (levee), east and west aspects (dam), and
top and bottom of slopes (dam) will be accentu-
ated under high fertility levels (90 kg N/ha, 180
kg P,0s/ha).

11) High levels of herbaceous cover appear to
slow the invasion by woody species onto the
dam. However, it is not known how long this ef-
fect will last. More study is needed to verify this
preliminary finding and to determine long-term
trends.

12) Erosion is a recurring problem on the bare
gravel siope of the dam. Both saturated flows in-
itiated by spring snowmelt and erosion gullies
due to heavy summer rains occurred curing the
three years of this study. Although this study
does not show that vegetation will prevent
slumps and erosion, experience indicates that at
least a reduction in the frequency and severity
of erosion can be expected.
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APPENDIX A: 1977 GRASS GROWTH ON 1977 DAM TREATMENTS.

Table A1. 1977 grass growth on 1977 replicated treatments.

Biomass (g/m*) Cover class * Max, height (cm)
Treatment. Side Top Bottom Avg.  Top Bottom Avg Top Bottom Awg.
S-F Upstream 73961 74.68 7432 478 467 467 5033  47.67 49,00

(10.24) (24.16) (13,24) (0.40) (0.44) (0.29) (1.69) (1.92) (1.28)

Downstream 116.52 145,20 130,84 3.22 389 356 5544 72.78 64,11

(11.52) (18.44) (11.08) (0.32) (0.72) (0.39) (2.85) (3.03) (2.91)

S.F-WCF  Upstream  49.40 37,60 45.20 4.1 3.78 394 4811 5211 Su.11
(4.0)  (6.24) (3.64) (0.26) (0.32) (0.21) (1.77) (2.69) (1.63)

Downstream 7120 102,76 86.96 3.00 4.22 3.61 5021 65.67 57.94

(9.20) (17.96) {10.52) (0.41) (0.52) (0.35) (2.11) (2.89) (2.55)

S-F-H Upstream 5640  68.24 62,32 3.67 3.56 3.61 46,22 5644 51,33
(7.24)  (8.48) (5.60) (1.12) (0.29) (0.98) (6.87) (3.21) (2.28)

Downstream 105,28  136.24 120,76 3.78 3.89 3.83 5578 65.78 60.78

(6.80) (16.64) (9.48) (0.52) (0.63) (0.40) (2.88) (2.43) (2.19)

S-F-CHM  Upstream 50,04 3696 43,52 1.67 189 178 56.78 54.44 55.61
2000 (8.24) (10,24) (6.56) (0.24) (0.61) (0.32) (3.05) (3.09) (2.12)
Downstream 96.88  96.52 96.68 4.11 4,67 439 5256 69.4 61.00

(3.60) {15.36) (7.64) (0.34) (0.73) (0.39) (3.14) (3.44) (3.05)

S-F-P Upstream 5172 4448 48,08 3.44 033 339 48.00 4756 47.78
(6.76)  (2.88) (3.68) (0.24) (0.37) (0.22) (2.06) (2.69) (1.65)

Downstream 6244 150,60 106,52 4.78 7.00 5.89 54.89 72.67 63.78

(5.28) (20.12) (14.68) (0.32) (0.44) (0.38) (2.84) (2.17) (2.77)

S-F-P.WCF  Upstream 4712 33,96 40.52 2.11 222 217 49,00 5044 49.72
(7.06)  (4.36) (4.36) (1.36) (0.22) (1.04) (2.57) (2.20) (1.65)

Downstream 116.20 13032 120.76 4.44 5,78 5.11 51.89 66.67 59.28

(11.52)  (23.20) (12.76) (0.41) (0.40) (0.32) (2.05) (1.58) (2.19)

TSS+B-F  Upstream 30,60  43.04 36.80 233 233 233 3867 51.50. 45.08
(3.72)  (2.56) (2.84) (0.33) (0.21) (0.18) (2.30) (4.86) (3.21)

TSW-S-FH Upstream  69.92 6896 640 4.33 456 444 4389 51.44 51,00
(7.12)  (7.68) (5.08) (1.41) (0.47) (1.38) (5.86) (1.74) (1.43)

Downstream 97.0  125.72 111.36 6.56 4.67 5.61 5389 65.11 5950

_{14.28) (13.6) (10.20) (0.29) (0.73) (0.44) (2.28) (2.35) (2.09)

*1=1-10%; 2=11-20%,...,10 = 91-100%.
+ X (standard ervor).
Table A2. 1977 grass growth on treatments with a single plot only.

Biomass (g/m*) Cover class (1-10) Max. ht. (cm)

—Tao Bortom Ava Top Bottom Avy Top Bottom Awvg.

TS-3S-F- Upstream 39.841 s34 2284 200 1.33 1.67 4167 3333 3750

Fiberglais* only

TS-S-F Upstream 3356 58.28 4592 233 200 217 43.67 4233 43.00
only

V1-F Downstream 91,72 140,16 11592 4.33 700 5.68 5633 79.67 68.00
only

V2-F Downstream 137.16 86.64 11192 567 433 500 49.67 59.67 54.6/
only

V3-F Downstream 70.32 20292 1366 5.00 533 517 52,00 75.33 63.67
only

* Part of vegetation obscured by mat.
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APPENDIX B: 1978 GRASS GROWTH ON 1977 DAM TREATMENTS.

Table B1. 1978 grass growth on 1977 replicated treatments, non-refertilized.

Biomass (g/m*) Cover class* Max, height (cm)
JTop Bottom Awg. Top Bottom Avg. Top Bottom Avg,
S-F Upstream s6t 107 81 10 20 15 167 178 172 3
(0.7 (43) (22) (0) (05) (0.3) (4.8) (4.7) (3.2) 3
Downstream 6.1 13.2 9.6 13 29 2.1 179 18.7 179 ;

(1.4) (1.2) (14) (0.2) (03) (0.2) (2.5) (1.9) (2.4)
S-F.WCF Upstream 2.1 1.4 1.8 1.0 10 1.0 13 9.3 109
(0.5) (0.2) (03) {(0) (00 (0} (5.3) (1.8) (2.5)
Downstream 2.1 9.5 33 1t 14 1.3 95 198 6.2
(0.6) (0.2) (0.4) (0.1) (0.2) (0.1) (2.2) (2.8) (1.8)
S-FH Upstream 3.9 6.1 50 1.0 1.0 1.0 290 27.0 28.0
(0.8) (1.3) (0.8) {(0) {0} (0) (63) (44) (3.7)
Downstream 8.8 14,1 114 21 29 25 240 453 34
(200 (2.2) (1.6) (0.3) (03) (0.2) (2.9) (5.1) (3.9)
S-F-CHM Upstream 3.0 23 27 1.0 0 1.0 97 153 125
2000 (0.6) (0.3) (0.3) (0) (0) 0 (1.7) (4.0) (2.2)
Downstream 3.4 44 39 1.2 1.7 1.5 1.2 193 5.2
{0.5) (0.2) (0.2) (0.2) (1.5) (24) (1.8)
S-F.p Upstream 1.4 4.1 27 1.0 10 1.0 16.0 8.7 123
(0.2) (1.7) (0.9) (0) (0) (0) (4.1) (1.5) (2.4)
Downstream 6.0 10.6 83 15 3.7 26 170 200 185
0.8) (1.3) (1.0) (0.2) (0.4} (0.4) (3.6) (2.1) (2.2)

S-F-P+WCF Upstream 1.8 3.6 27 0 1.0 1,0 150 68 109 ]

(06) (0) {0} (0) (3.6) (08) (2.2) 1
Downstream 5.6 37 4.7 17 1.8 1.8 123 20,0 16,2
(1.0)  (1.5)  (09) (0.2) (0.3) (0.2) (1.6) (2.2) (1.8)
TS-S+B-F  Upstream 134 157 145 20 20 20 315 170 243
(2.3) (2.8) (2.4) (0.4) (04) (0.3) (1.9) (3.6) (3.3)
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TS-W-S-F-H Upstream 16.1 220 193 20 27 23 41,7 372 29
(2.5) (3.4) (23) (0) (03} (0.2) (2.3) (4.3) (2.4)

Downstream 355 29.1 323 6.2 5.2 57 343 415 379

(7.5) (4.5) (4.3) (0.2) (0.6) (0.4) (3.9) (4.8) (3.2)

Control Upstream - - 02 07 0.2 0.4 - - 34
- - (0.1) (0.2) (0.2) (0.2) - - (1.7)

Downstream 0.4 0.2 03 0.7 0.7 0.7 - - 838

(0.2) (0.1) (0.) (0.2) (0.2} (0.2) - - (3.6)

*1=1-10%; 2=11-20%,...,10 = 91-100%.
t X (standard error).
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Table B2, 1978 grass growth on 1977 replicated treatments, refertilized.

TE ¥ ot

Blomass (g/m?) Cover class® Max, height (cm)
Treatment Side Top Bottom Avg. Top Bottom Avg, Top Bottom Avg, i
s
SF Upstream 724t 1147 936 37 48 42 422 310 396 i
(12.5) (10.00 (9.9) (0.5) (0.6) (0.4) (1.6) (4.2) (2.3) i
Downstream  148.4 1382 1433 71 1.0 7.0 484 564 554
(13.2)  (145) (9.5) (0.3) (0.2)  (02) (27) (3.2) (2.2) B
S«F-WCF  Upstream 70.8 78.1 745 40 53 47 395 3717 386
(6.0) (9.6) (5.6) (0.4) (0.S) {04) (23) (2.7) (.7)
Downstream 110.5 1748 1426 69 73 7.1 48,1 8§97 539
(5.8) {(14.3) (12.8) {0.4) (0.3) (0.2) (3.0) (3.1} (2.5)
SF-H Upstream 69.3 81.6 754 42 A2 47 410 555 482
(13)  (1.1)  (6.6) (0.5) (0.2)  (03) (86) (5.0 (5.2) :
Downstream 159.3 1628 1611 7.0 5.9 64 476 568 522
(13.2) (20.4) (11.6) (0.4) {0.3) (03) (26) (1.7) (1.9) :
S-FCHM Upstream 85.0 550 700 43 40 42 372 420 396 i
2000 (7.1) (3.8) (5.9) (0.2) (04) {0.2) (L7} (2.6) (1.6) -
: Downstream 161.1 217.2 1891 1.7 7.0 73 440 672 556
: (8.5) (11.8) (109) (0.2) (0.2) (02} (1.9) (3.4) (3.9)
S-FP Upstream 64.8 946 797 47 59 52 405 372 388 ;
(5.0) (11.1)  (7.3) (0.3) (0.2)  (02) (3.0) (27) (2.0
Downstream 1912 2223 2067 1.2 83 78 392 513 452 i
(1s.7) (18.1) (12.4) (0.6) (0.3) (0.4) (29) (2.2) (2.9)
S-F-PPWCF Upstream 68.0 799 740 45 53 49 328 290 309
(4.0) (8.4) (48) (0.4) (0.5) (0.3) (24) (4.0) (2.3)
Downstream 198.1 1715 1848 8.0 1.5 78 457 58.2 519
. (22.8)  (9.8) (125) {0.4) (0.5)  {03) (45) (45) (3.6)
TS-S+B-F  Upstream 516 563 539 30 53 41 325 358 39,

(8.9) (8.1) (8.0) (0.4) (09) (0.6) (3.2) (3.6) (2.3)

TS-W-S-F-H Upstream 3.8 146.3 1175 4.7 6.0 53 500 42,7 463
(21.4) (27.3) (18.7) (0.7) (0.4) (0.4) (1.3) (2.0) (1.6)

Downstream 1916 208.4 2000 7.2 82 1.7 407 485 446

(17.3) (15.5) (11.4) (0.5) (0.5) (0.4) (3.9) (4.8) (3.2)

*1=1-10%; 2=11-20%,...,10=91-100%.
t X (standard error).
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é Table B3, 1978 grass growth on 1977 single treatments. :
= !
Rerfertilized :
! v or B8iomass (g(m' ) __ Cover class* Max, height (cm)
i = Treatment  non-refertilited Top Bottom  Avy. Top Bottom Avg. Top Bottom Avy, i
g ’ TS-35-F. N 631 23 93 20 1,0 15 415 205 310 i
d - Fiberglass (12)  (05) (A1) (0) (o) (0.3) 58 (2.5) (2.2)
i s Upstream only R 84,7 149 498 35 1.0 2.3 535 46.5 500 3
1 . (1.1) (1.1) (20,2) {0.5) (0) (0.8) (7.5) (0.5) (3.7) :
5 R TS-S-F N 4.8 19.7 172 20 25 22 1395 185 29.0
E Upstream only (3.2) (2.3) (2.2) (0) (0s5) (0.2) (0.5) (2.5) (6.2)
: R 48.6 702 594 2S5 6.0 42 3715 26.5 32,0
(5.8) (8.1) {7.4) (05) (1.0) (1.1) (25) (2.5) (3.4)
. V1-F N 1.9 14.3 IR B X1 2.5 23 1458 325 235
Downstream only (0.3) (2.3) (231) (0) (05) (0.2) (5.5) (6.5) (6.3)
o R 2333 141.7 1815 85 7.0 78 390 54,0 465
o : (46.3)  (212.6) (33.7) (05) (1.0) (0.6) (1.0) (0) (4.3)
. V2-F N 3.6 1.6 26 20 1.5 18 115 13.0 123
= . Downstream only (0.4) (1.0) (0.7) (0) (0.5) (0.2) (1.5} (200 (1)
] R 1799 1384 2092 75 8,0 7.8 335 505 420
3 (25.8) (26.9) (22.7) (1.5) (1.0) (0.8) (8.5) (5.5) (6.4)
V3-F N 115 6.4 9.0 25 5.0 33 17.0 320 22,0
Downstream only (7.3) (1.9) (3.4) (0.5) - (0.9) (1.0 - (5.0)
R 2153 2384 2268 6.0 6.5 6.3 445 465 455
(30.4) (26.9) (17.9) (1.0) (1.0) (1.5) (2.5) (5.5) !5.6)
* 1 =1-10%; 2= 11-20%;...;10=91-100%.
+ X (standard error),
Table B4. 1978 grass growth on 1977 willow plots,
Refertilized
or Biom iss (y/m?) Cover class* Max. height (cm)
‘{ Treatment Side non-refertilired Top Bottom Avg. Top Bottom Avg. Top Bottom Awg.
W-F-CHM  Upstream N .7t 60 ;8 1.0 1.0 1.0 125 312 218
2000 (.n (19 () (o) @ (0) (358 (1.2) (4.8}
R 446 876 641 1.8 2.7 22 282 428 355
(9.9) (18.7) (12.1) (0.3) (0.3) (0.2) (7.0) (4.4) (4.5)
Downstream N 12.2 6.6 94 1.2 1.0 1.1 437 313 375
(2.6) (1.1) (1.6) (0.2) {(0) (0.1) (5.6) (8.2) (5.1)
R 88.4 75.0 81.7 33 3.0 3.2 488 60.0 54.2
{20.6) (9.2) (11,0) (0.4) (0.4) (0.3) (3.5} (1.6) (24)
W-F Upstream N 3.3 4.4 3.8 1.0 1.0 1,0 184 258 21
(1.6) {2.3) (1.3) (0) (0) (0 (570 (3.7) (34)
R 38.9 80.2 595 1.83 20 19 568 300 446
(7.0)  (25.2) (14.0) (0.4) (0.3) (0.2} (15.8) (4.2) (9.4)
Downstream N 13.3 19.7 168 1.0 1.0 1.0 235 28,7 .2
(4.0)  (45) (3.1) (0) (0) (0) (6.6) (83) (4.8)
R 89.7 72.8 81.2 2S5 3.2 28 650 758 704
(11.7) (13.9) (9.0} (0.6) (0.3) (0.3) (6.5) (6.6) {4.7)
TS-W-F-H Upstream N 42.3 24.6 334 3.2 1.8 2.3 48.2 452 46,7
(6.2) (2.5) (4.2) (0.9) (0.3) (0.5) (1.0 (4.3) (2.1)
R 93.2 60.5 76.8 3.2 35 38 418 48.0 449
(13.1} (109) (9.5) (0.7) (0.4) (0.3} (6.2) (.7) (3.2)
Downstream N 44.3 76.2 60.3 5.5 3.5 4.5 50.0 585 542
(1 rep. only) (30.1) (1.9) (15.4) (0.5) (0.5) (0.6) (1.0) (3.5) 1{2.5)
R 187.5 163.6 1756 5.5 6.0 58 585 930 758
(39.4) (28.7) (21.1) (0.5) (1.0} (0.5) (2.5) (2.0) (10.0)
W-F-H Downstream N 48.0 36.0 420 25 1.5 20 720 623 799
(14.8) (10.6) (8.7) (0.5) (0.3) (0.3) (9.3) (208) (6.1)
R 197.7  143.7 1707 4.2 38 40 838 875 856

(45.8)  (30.5) (27.4) (05) (02) (03) (27.1) (65) (12.9)
] =1-10%; 2=11-20%;...;10=91-100%,
+ X (standard error),
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APPENDIX C: 1979 GRASS GROWTH ON 1977 DAM TREATMENTS.

Table C1. 1979 grass growth on 1977 replicated treatments; 1977 fertilization only.

Blomess (§/0.25m?) __ Cover chss*® Max. height (cm)

Treatment Side  Top Bottom Avg. _Top Bottom Avg. Top Bottom Awvg.
SF Upstream 38t 48 43 1 2 1138 S 142
03) (1.6) (0.7) (0) (07) (0.3) (28) (2.0) (1.6)

Downstream 2.4 46 35 1 2 2 198 223 211

{0.9) (0.7) (0.6) (0.3) (0.4) (0.3} (2.5) (5.4) (2.8)
S-F-WCF Upstraam 7 1.9 1.8 1 1 1 10,8 9.5 10.2
{0.5) (0.7) (04) (O) (0 (0) (10) (09) (0.6)

Downstream 1.1 1.9 1.5 1 1 1 128 18,7 15.8

(0.4) (0.4) (0.3) (0) {0) o) (09) (09) (1.0

S-F-H Upstream 4.4 4.3 43 1 1 1 222 227 234
(1.0) (0.5) (0.5) (0) (0) 0 (22) (55) (27)

Downstream 3.0 37 33 1 2 1 185 325 255

(0.5) (1.0) (0.5) (0.2) (03) (0.2} (2.1) (42) (3.0}

S-F-CHM Upstream 33 29 KR 1 1 138 13.7 13.8
2000 (0.7) (0.6) (0.5) (0) (0) (0) (0.7) (200 (1.0}
Downstream 1.5 2.2 19 1 1 1 120 15.0 13.5

(0.2) (03) (0.2) (0) (0) 0 (.0 (1) (08)

S-F-P Upstream 34 28 31 1 1 1 123 1.7 15.0
(0.6) (0.6) (04) (0) (0 0 (21) (a5) (2.4)

Downstream 1.4 2.2 20 1! 1 1 15.3 190 17.4

(0.4) (03) (0.3) () (0.7 (01) (25) (13} (1.4)

S-F-P+ Upstream 2,0 4.0 30 1 1 1 9,7 1.2 104
WCF (0.2) (15) (08) (0) (0.2) (0.1} (0.5) (1.4) (0.7)
Downstream 1.5 2.8 21 1 1 133 170 15.2

1
(0.2) (0.6) (03) (0) (0) @ (13 (0 (12)
TS-S+B-F Upstream 6.2 8.7 74 2 4 2 390 153 27.2
(08) (1.8) (1.0) (0.2) {0.9) (0.2) (11.8) (1.6) (6.6)
TS-W-S-  Upstream 9.3 10.7 10,0 2 2 2 293 340 31.7
F-H {20)  (.)  (1.1) (03) (0.2) (09) (3.8) (3.7} (2.5)
Downstream 13.0 131 130 3 2 3 243 417 30.5
(3.1)  (4.4) (2.5) (0.3) (03) (0.3) (2.8) (S8) (4.7)
*1=31-10%; 2=11-20%;...;10=91-100%.
t X (standard error).
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Table C2. 1979 grass growth on 1977 replicated treatments with two fertilizations,

Biomass (9/0.25 m*) Cover class* Max, height (cm) 3;
Treatment  Side Top Bottom Aw. Top Bottom Avg. Top Bottom Avg :
S-F Upstream 343t 203 273 20 5.0 3.0 225 353 289 E

(4.1) (4.3) {38) (0s) (15) {1.2) (2.2) (8.4) (4.7)

Downstream 40.5 334 369 80 7.0 7.0 278 258 26.8

(2.2) (10.6) (5.2) (0.6) (0.6} (0.5) (2.9) (2.2) (1.7)

S-F-WCF Upstream 24.7 263 255 40 4.0 40 178 225 20
(3.2) (3.8) (23) (0.9) (0.s5) (0.5) (1.1) (3.5) (2.0}

Downstrean: 28.3 38,5 334 60 50 5.0 230 248 239

(7.3) (7.8) (5.4) (0.3) (1.2) (0.6) (2.8) (1.3) (1.5)

S-F-H Upstream 22,7 25.3 240 3.0 2,0 3. 443 593 518
(1.3)  (5.0) (2.5) (0.4) (05) (0.3) (8.9) (8.7) (6.5)

Downstream 52.7 33.0 429 40 3.0 4,0 32,0 355 336

(9.7) (0.9) (5.8) (0.6) (0.7) (0.5) (3.8) (4.6) {2.8)

S-F-CHM Upstream 319 24.1 28.0 4.0 3.0 3.0 203 195 19.9
2000 4.2) (6.5) (3.9) (0.5) (04) (0.3) (2.2) (0.9) (1.1)
. Downstream 44.3 179 311 40 2.0 3.0 193 238 215

(8.4) (5.1) (68) (1.2) (O) (0.6) (1.0) (2.1) (1.4)

S-F-P Upstream 39.5 27.0 332 4.0 5.0 40 248 240 244
(2.7) (2.2) (2.9) (1.0) (0.6) (0.6) (2.5) (41) (23)

Downstream 39.5 39.0 39.2 5.0 7.0 6.0 268 28.0 274

(2.6) (9.1) (44) (1.3) (1.2) (0.9} (2.6) (2.8) (2.5)

5-F-P+ Upstream 243 225 234 5.0 4.0 . §.0 283 193 238
WCF (2.1) (6.2) (3.1) (0.4} (0.4) (0.3) (6.3) <(0.5) (3.4) -
Downstream 40,3 35.0 376 50 20 3.0 228 203 215

(3.8) i (3.9) (2.8) (0.5) (0.3) (0.6) (1.4) (23) (1 .3)

TS-S+B-F Upstream 211 240 222 40 50 4.0 340 27,7 308
. (3.3) (3.6) (2.3) (0.3) (0.6) (0.3) (7.5) (2.8) {3.8)

TS-W-S-  Upstream 310 39.5 352 40 5.0 50 405 373 389
FH (4.8) {8.5) (5.7) (0.9) (0.5) (0s) (1.6) (5.8) (2.9)
Downstream 27.0 16.0 215 7.0 2.0 §.0 390 48.0 435

(48)  (4,4) (3.7) (0.4) (03) (0.9) (6.9) (5.3) (4.4)

*1=1-10%; 2= 11-20%;...; 10=91-100%.
t X (standard error),
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Table C3. 1979 grass growth on 1977 replicated treatments with three fertilizations. ;
Biomass (90,25 m?) ____ Cover class* Max. height (cm) .
Treatment Side Top _ Bottom Avg. Top Bottom Aw. _Top Bottom Aw. 3
S-F Upstream 496t 573 s34 50 60 50 319 33.7 377 ]
(15.2)  (15.3) (7.4) (2.9) (1.2) (06) (4.2) (3.2) (2.4) i
Downstream 101.4 93.8 976 9.0 9.0 9.0 430 43,7 43.4 E
(17.3) (7.6} (8.6) (0.6) (0.3) (03) (3.3) (1.4) (1.6) 3
S-F-WCF  Upstream 71.5 33,2 523 60 4.0 50 393 253 323 E
(11.2)  (41) (100) (0)  (0)  (0.5) (45) (4.0) (4.2) E

Downstream 88.6 771.7 832 8.0 7.0 8.C 56.0 44,0 500
(324)  (11.7) (15.8) (0.7) (0.9) (0.6) (2.7) (6.6) (4.2) 3
S-F-H Upstream 798 458 628 40 60 50 523 410 461 3
(3.6) (11.1) (7.7) (1.4) (1.2) (0.9) (6.6) (7.2) (4.5) 3

Downstream 96.7 715 841 8.0 7.0 8.0 430 $3.7 48.4

(10.1) (3.8) (7.5) (0.6) (0.6) (0.4) (4.4) (11.4) (6.0)

S-F-CHM Upstream 90.1 871 88.6 6.0 6.0 6.0 33,7 370 354
2000 (5.9) (8.2) (a6) (0) (0.7) (0.3) (1.8) (5.6) (2.7) :
Downstream 60.0 754 677 1.0 6.0 7.0  39.7 51.3 43.5 1
(10.1)  (15.0) (8.8) (0.6) (0.6) (r.4) {43) (59) (4.2) 3

S-FP Upstream 72.7 782 755 6.0 7.0 7.0 39,7 36.7 38.2 ,

(7.5)  (21.1) (10.1) (0.9) (0.6) (0.5) (1.4) (0.9) {1.0)
Downstream 63.7 1151 894 9.0 9.0 9.0 460 557 508 .

(9.7  (15.2) (14.2) (0.9) (1.0) (0.6) (2.6) (0.9) (2.5)

S-F-P+ Upstream 36.2 842 602 60 7.0 7.0 327 403 36.5
WCF (6.3) (22.2) (15.1) (0.6) (0.7) (0.5) (1.4) (4.6) (2.8) o
Downstresm 72,0 1232 976 6.0 8.0 7.0 S§1.7 49.0 50.3 j
(7.3)  (21.0) (15.4) (0.3) (0.6) (0.5) (62) (1.6) (2.9)
TS-W-S- Upstream 463 595 529 20 20 20 305 370 338 3
F-H (6.1) (0.9) (4.1) (0.5) (0.5) (0.3) (0.5) (12.1) (5.3) 3

Downstream 86.3 79.0 826 7.0 7.0 7.0 60.0 60.0 600
(10.4) (7.7) (6.0) (0.9) (1.0) (0.5) {11.3) (1.2) (5.1)
*1=1-10%; 2= 11-20%;...;10 =91-100%.
t X (standard errot).




Table C4. 1979 grass growth on 1977 single treatments,

_Biomass (/0.25 m*) Cover class? Max. hejght (cm)
Treatment Fertilization®* Top Bottom Avg. Top Bottom Avg. Top Bottom Avg.
TS-3S-F. F1 8.4%* 24 54 3.0 20 30 223 17.7 200
Fiberglass (1.6) (0.9) (1.6) (0.9) (0O} (0.5) (5.1) (1.8) (2.6)
Upstream only F2 23.2 133 184 6.0 6.0 6.0 420 253 337
{0.2) (5.8) (2.9) (0.3) (1.0) (0.6) (12.1) (1.5) (7.4)
TS-S-F F1 1.8 99 109 20 20 2.0 197 180 189
Upstream only (1.0} (1.8) (1.2) {0.6) (0) (0.2) (1.8) (0.6) (0.9)
F2 24.0 325 283 4.0 6.0 5.0 260 247 254
{4.2) (8.3) (4.6) (0.9) (0.9) (0.6) (9.2) (24) (4.3)
Vi1-F F1 1.6 2.3 1.9 1.0 6.0 40 143 270 207
Downstream only (0.4) (0.6) (0.4) (0.3) (0.6) (1) (2.1) (1.2) (3.1)
F2 78.2 477 629 1.0 20 1 203 243 227
(36.3) (12.3) (18.6) (0) (03) (0.2) (3.3) (0.7) (1.8)
V2-F F1 1.4 3.0 22 1.0 1.0 1.0 139 140 135
Downstream only (0.4) (1.0) (0.6) (0) (o) (0) (21 (.0 (1.1
F2 22.0 43,9 33.0 4.0 5.0 40 30,0 253 277
{40) (10) (7.0) {0.6) (03) (0.3) (35) (22) (2.2)
V3.F F1 1.5 3.9 27 1.0 20 20 11,7 223 170
Downstream only (0.7) (0.6) (0.6} (0) (0.3) (0.3) (0.9) (0.7} (2.5)
F2 19.8 21.0 209 5.0 40 5.0 303 330 317
(2.2) {a.5) (23) (1.6) (1.0) (0.9) (2.2) (3.1) (1.8)
* F1--1977 fertilization; F2—1977, 1978 fertilization.
+1=1-10%; 2=11-20%;...;10=91-100%.
*+ X (standard error),
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Table CS5, 1979 grass growth on 1977 unseeded willow plots.

L T

Biomass (9/0.25m?) Cover class’ Mox. height (cm)

Treatment Side Fertilization* Top Bottom Avg. Top Bottom Avg. Top Bottom Awg.

W-F-CHM Upstream Fi 1.7%* 4,7 3.2 1.0 1.0 1.0 11.7 132 122
H 2000 {0.8) (2.0) (1.1) (0) (0.2) (0.1) (49) (1.5) (1.0)
H F2 21.8 210 21,2 20 20 20 183 17,7 18,0
: (4.0) (41)  (2.0) (0.2) (0.3) (0.2} (2.6) (2.2) (1.6)
Downstream F1 2.1 38 29 1.0 1.0 227 187 206
{0.7) (0.8) (0.6) (0.2) (0) (0,1) (5.8) (3.7) (3.2)

F2 223 18.0 202 20 2.0 2,0 405 38.2 393
(4.7) {2.9) {2.6) (0.4) (0.4) (0.3) (8.5) (10.9) (6.4)
W-F Upstream F1 0,1 2.1 1.1 1.0 1.0 1.0 14.2 212 1741
(0.1) (1.0) (0.6) {(0.2) (0) (0.1) (3.5) (6.0) (3.4)
F2 114 114 114 1.0 1.0 1.0 395 535 46.3
(7.8) (6.7) (4.8) (0.2) (0.2) (0.1) (6.2) (8.8) (5.4)
Downstream F1 33 2.2 27 1.0 1.0 1.0 1585 49,2 323
(3.2) (1.6) (1.6) (0) (0.2) (0.1) (3.3) (4.7 (5.7)
F2 9.6 1.7 56 20 2.0 2.0 558 625 59.2
(4.5) (1.2) (2.4) (0.4) (0.4) (0.2) (6.0) (17.9) (8.8)
TS-W-F-H Upstream F1 10.2 1.3 88 3.0 2.0 2.0 402 300 3s5.1
(2.1)  (2.3) (1.5) {0.4) (0.2) (0.2) (6.5) (5.4) (4.2)
F2 383 28.5 334 3.0 2.0 2.0 48.7 44,2 464
(8.3) (6.5) (5.1) (0.3) (0.2) (03) (29) (4.2) (2.5)
Downstream F1 36.8 20.1 284 3.0 2.0 20 57.3 62,7 60.0
{1 rep. only) (109)  (7.2) (7.6) (0.3) (0.3) (0.3) (4.4) (11.1) (5.5)
F2 54,7 63.7 592 4.0 2.0 3.0 56.7 783 675
(7.0) (16.8) (8.4) (0.9} (0.6) (0.7) (0.9} (16.7) (9.0)
W-F-H Downstream F1 3.5 10.5 7.0 1.0 1.0 1.0 440 410 425
(3.4) (2.6) (1.6) (0.2) (0) (0.1; (6.1} (3.3) (3.2)
F2 38.7 500 443 30 20 2.0 808 772 190
{3.3) (4.2) (2.5) (0.2) (0.3) (0.2) (8.9) (9.2) (5.9)
* F1-1977 fertilization; F2--1977, 1978 fertilization.
+1=1-10%; 2=11-20%;...;10=91-100%.
** X (standard error).
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APPENDIX D: GRASS GROWTH ON 1978 DAM TREATMENTS.
Table D1. 1978 grass growth on 1978 dam treatments. ;
Biomass (g/m*) Cover class* Max. height (crm)
3 Treatment Side Top Bottom Avg. Top Bottom Avg, Top Bottom Avg. 3
? T$$1-F Upstream s1.81 853 685 3.0 32 3.1 535 587 56.1
i (1.9) (11.4)  (8.5) (0.4) (0.3) (0.2) (1.9) (2.0 (1.5) ;
“ : TS-81-F-H  Upstream 106.8 1258 1164 4.0 48 44 682 78,0 731 L
Ao (12.1)  (14.2)  (9.4) (0.6) (0.6) (04) (3.7) (3.1) (2.8)
q4 $G52.F-  Downstream 223 312 268 1.6 23 18 438 517 464
§ : CHM2000-L (4.8)  (5.1) (3.6) (0.2) (0.4) (0.2) (3.00 (7.9) (3.3) ;
¥ SG-S1-F- Downstream 7.5 12,0 9.8 20 2.5 22 102 218 16.0 1
CHM2000-L (0.9) (1.4) (1.0) (0.3) (0.2) (0.2) (1.5) (2.4) (2.2)
§G-52-F- Downstream 71.8 78.6 75.2 5.8 7.2 6.5 343 438 39.1 3
f| WCF (12.2)  (5.8) (6.5) (0.5) (0.4) (0.4) (5.0) (3.0) (3.1) ;
5G-S1-F Downstream 102.0 1537 1282 45 50 50 51.0 705 608
' ) (11.3)  {30.1) (12.7) {0.5) (0) (03) (0) (11.5) {1.3)
. C152-F-  Downstream - - 17.0 0.7 1.0 08 - - 14,3 4
CHM2000 - - (1.4) (0.3) (0.6) (03) ~— - {19 4
C2§2-F-  Downstream  — - 05 07 10 08 -~ - 133 3
s CHM2000 - - (0.3} (0.3) (0) (02) -~ -~  (3.6) .
*1=1.10%; 2= 11-20%;...; 10 = 91-100%,
t X (standard error).
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* F1—-1978 fertilization, F2—1978 + 1979 fertilizations; SG2—1978 fertilization and 1979 resludging.
+1=1-10%, 2=11-20%,..., 10 =91-100%.
** % (standard error).
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Table D2. 1979 grass growth on 1978 dam treatments.
Blomass (9/0.25 m*) Cover class? Max. height (cm)
Treatment Side Fertllization®* Top _ Bottom Avg. Top Bottom Avwy. Top Bottom Awg.
TSS1-F Upstream F1 229+ 21,7 223 30 3.0 30 400 365 383
(4.3) (1.9) (2.2) {0.2) (0.2) (0.2) (5.5) (3.2) (3.0
F2 62.7 711 669 50 S0 50 678 565 622
E (9.1) (3.4) (4.7) (0.3) (0.5) (03) (42) (4.9) (3.4)
TS$1-F-H  Upstream F1 28,3 5.4 269 40 40 40 648 453 355.1
q 4.7) (4.7) (3.1) (0.6) (0.3) (03} (871 (7.9) (6.2)
& F2 86,9 92,1 895 7.0 70 70 797 698 748
E. (5.9) (11.4) (6.0) {0.6) (0.4) (0.3) (2.8) (6.0) (3.4)
k $G-S1-F-L- Downstream F1 4.2 119 80 1.0 10 1.0 320 393 357
£ CHM2000 {0.8) (1.6) (1.4) (0.2) (0.2) ({0.2) (4.7) (3.8) (3.0 1
: F2 64.1 1245 943 40 60 50 652 755 703 1
(6.0)  (17.3) (12.4) (0.6) (1.1) (0.6) (2.1) 18:6) (4.4) *
$G2 24.7 252 249 20 3.0 3.0 332 622 477 ]
(13.7) (5.7) (6.8) (0) (0.3) (0.2) (53) (55) ‘5.6) 3
’ $G-52-F-L- Downstream F1 41.0 66 53 1.0 10 1,0 245 243 244
] CHM2000 {0.7) (1.00 (0.7 (0.2) (0.2) (0.1) (5.7} (63) (3.9) :
‘ F2 90.9 1246 1077 60 7.0 60 603 633 618
(10,1)  (10.0) (8.3) (0.9} (0.8) (0.6) (3.3) (3.3) (2.2)
SG2 14.0 293 21.6 20 40 3.0 383 488 436 E
b (1.7) (6.3) (3.8) (0.2) (0.5) (0.4) (4.9) (4.6) (3.6) ;
E& $G-52-F- Downstream F1 23.2 26,2 247 3.0 3.0 3.0 325 25.7 291 é
: WCF (2.9) (2.6) (1.9) (0.6) (0.6) (0.4) (400 (3.9) (2.8)
F2 96.4 136.7 116.6 7.0 70 7.0 570 630 60.0 K
(10.1) (9.5) (8.8) (0.6) (0.8) (0.5) (1.8) (3.6) (2.1)
5G2 31.3 407 360 30 50 40 247 518 383
{2.8) (3.7) (3.8) (0.5) (0.7) (0.6) (3.4) (5.1) (5.0)
$G-1-F Downstream F1 14.7 149 148 20 30 3.0 270 633 452
(0.4) (3.8) (1.7} (0.3}  (1.0) (0.3} (3.9) (14.2) (10.6)
F2 89.2 1056 97.6 50 60 60 657 747 702
(16.9)  {12.2) (10.0) (0.7, (1.0) (0.4) (7.6) (2.8) (4.2)
5G2 26.6 212 239 3.0 40 40 473 843 658
" (5.5) {9.4) (5.0) (0) (1.0} (0.3) (13.9) (17.8) (13.2)
C1-52-F- Downstream F2 456 768 61.2 20 40 3.0 620 63.0 625 :
CHM2000 {12.7)  (47.0) (22.9) {0.3) (0.€) (0.5) (4.7) (0.6) (2.1) ;
X C2-52-F- Downstream F2 31.4 403 359 2.0 20 20 513 597 555 j
i CHM2000 (230)  (23.7) {14.9) (0.3) (0.6) (0.3) (65) (1.7) (3.5)
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APPENDIX E: 1977, 1978, AND 1979 SURVIVAL OF WILLOW TREATMENTS.

Table E1. 1977, 1978 and 1979 survival of willow cuttings. ;
:
Survival (%) 1
Top* Bottom! Average®** 1977 Fert.only 1977 & 1978 Fert. 3
Treatment Side 1977 1978 1979 1977 1978 1979 1977 1978 1979 1979 1979
TS-F-H Upstream 640 333 222 639 63.0 48.1 61,3 50.0 344 38.8 30.0
Downstream 50,0 56.6 22,2 833 55.6 333 667 569 353 353 35.2
(1 rep. only) ;
FH Downstream 635 50,0 444 709 556 S55.6 588 607 523 48.8 55.8
TS-$-F-H Upstream 0 1.7 38 280 296 231 173 92 171 8.2 59 E
Downstream 11,1 11,1 154 445 185 333 264 188 147 154 14.0
F-CHM2000 Upstream 66,7 518 46,2 556 55.6 55.6 673 578 590 59.0 67.1 ;
Downstream 61,1 704 40.7 750 741 741 639 65.0 549 51.9 58.0 4
: F Upstream 66,7 629 63.0 696 74,1 48.1 685 625 679 48.9 87.0 1
‘ Downstream 46,2 48,2 259 60.1 50.0 46,1 445 491 478 47.0 48.7
: * Top three rows,
1 Bottom three rows, 3
** Average of all cuttings. j
71
1
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APPENDIX F: GRASS GROWTH ON TANANA LEVEE TREATMENTS.
Table F1. 1978 grass growth on levee treatments.

Biomass Cover class® Max, height
Treatment __ Side _ (g/m*) (%) {cm)

TSS1-FH 232.01(34.6) 7 (0.4) 104.1 (2.2)

195.3 (9.5) 6 (0.3) 89.1 (1.7)

171.6 (37.3) 5 (0.5) 888 (3.8)
975 (24.7) 4 (0.5) 68,9 (4.3)

606 (11.8) 3(0.2) 75.2 (2.6)
92.8 (20.7) 4 (05) 79.0 (4.3)

TS-S1-F- 83.4 (13.5) 4 (0.3) 853 (2.4)

N
s
TSS1-F-P N
s
N
s
N
CHM2000 S 1344 (23.8) 5 (0.3) 89.6 (3.9)
N
s
N
s
N
s
N
s

TS-S1-F-WCF

TSS1-F- 128.2 (31.6) 5 (0.3) 84,6 (2.2)
P+WCF 147.7 (24.6) 5 (0.5) 8.2 (4.4)

TS-S1-F 2329 (35.3) 6 (0.3) 89.1 (4.3) 3
72.0 (7.2) 3(0.2) 63.8 (3.6)
- - 1 {0) 15.7 (8.4) '
14,7 (1.0) t (0) 36,3 (7.4) :

137.7 (11.6) 5 (1.7)  89.0 (6.4) : 3
55.3 (0.5) 3 (0) 77.2 (3.7) 3

*1=1-10%; 2=11-20%;...;10=91-100%. 3
t X (standard error). 3

C1S51-F-
CHM2000

EX-51-F

Table F2. 1979 grass growth on levee treatments.

Biomass Cover class® Max. height
Treatment  Side Fertilization* (9/0.25 m?) (%) (cm) :
TS-$1-F-H N F1 30.2 (2.1)** 5 (0.4) 84.8 (8.9) E
F2 163.1 (16.3) 7 (1.8) 122.7 {10.1) ]
s F1 49.0 (8.3) 4 {0.8) 72.8 (7.9) ,
F2 100.5 (5.9) 6 (0.7)  99.0 (8.7) j
TS-S1-F-P N Fi 22.9 (5.5) 5 (0.8) 50.3 (5.9)
F2 75.4 (3.7) 7 (1.0) 90.0 (7.6)
s Fl 25.4 (4.4) 4 (0.4) 51.8 (7.6)
F2 62.3 (7.4) 5 (0.7) 65.0 (7.4) "
TS-S1-F-WCF N F1 25.2 (6.3) 5 (0.3) 48.3 (4.8)
F2 128.9 (41.2) 7 {0.3) 92,0 (11.2)
3 F1 38.1 (7.7) 5 (0.5) 36.5 (4.1) :
F2 95.5 (9.1) 7 (0.3) 50.0 (7.1) ;
TS-51-F- N F1 66.9 (13.4) 5 (0.7) 50.7 (4.8)
CHM2000 F2 75.9 (8.8) 6 {0.9) 75.3 (3.4)
s Fl 32,9 (6.3) 6 (0.4) 50.7 (1.9) *
F2 94,9 (12.0) 7 (0.3) 54,3 (6.1)
TS-S1-F. N F1 36.9 (5.0) 5 (0,6) 45.0 (3.1)
P+WCF F2 99.5 (14.9) 7 (0.9) 83.7 (10.3)
S F1 53.4 (7.0) 6 (0.2) 4238 (3.9)
F2 72.1 (10.0) 7 {0.3) 77.0 {12.4) ;
TS51-F N F1 28.9 (6.3) 6 (0.5) 45.8 (6.8) i
F2 100.4 (13.2) 7 (1.0) 112.7 (6.8) :
5 F1 20.9 (2.8) 4 (0.6) 643 (5.2) i
F2 72.5 (16.5) 5 (0.9) 73.3 (8.4) »
C1-§1.F- N F1 4.4 (4.4) 1 (0.5) 32.5 (32.8) 4
CHM2000 S Fi 6.8 (0.4) 1 (0) 31,5 (15.7) 3
Kl
EX-S1-F N F1 10.4 (2.4) 3 (0.5) 29.5 (2.5) i
S F1 13.5 (3.9) 2 (0.5) 48.5 (9.6) 4

* F1-1978 fertilization; F2—1978 + 1979 fertilization.
+1=1-10%; 2=11-20%;...; 10=91-100%.
** X (standard error).
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Table G3. Chemical analysis of 1979 sludge samples.

P o ‘ Nitrogen

Total Total Coliform
. Ammonia Kjeldah! Kjeldah! Nitrate Nitrite ___phosphorus Potassium Mﬂ_ Solids
Load’_____(r_ryﬁ.) fmg/kg) (%) (%) (mg/l) (mg/kg) (mg/L) (m mg/L) (mg/kg) (mg/L) (mg/kg) Totel Fecel (%)
v 1 280 7000 4,65 5.38 1.8 45.0 0170 425 685 17,125 163 4075 7.1x107 24107 4.0 1
'1\ 2 340 6182 4.3 4,93 23 418 0.174 3.16 650 11,818 186 3382 8.4x10* 6.0x10* 5.5 3
3 350 6364 3.90 4.54 2.8 509 0.166 3.02 678 12,327 134 2436 2.0x10? 24x10*° 5.5
* Load 1 was sprayed on plots 1-3, E
Load 2 was sprayed on piots 4-6. 3
Load 3 was sprayed on plots 7-9,
Table G4. Chemical analysis of runoff water from sludge plots (1979). ]
Nitrogen (my/L) ‘ Total Total Fecal 1
n Total : phosphorus Potassium  coliform collform
Fertilization” Ammo: ; Kjeldahl. Kjeldahi Nitrate Nitrite (mg/L) (mg/L) (no./100mL) (no./100mL) 3
§$G-S1-F-L-CHM2000 . ’ ’ E
} - F1 0.62 1.10 1.72 0.26 <«0.010 0.8 3.89 0 0 3
: . F2 0.68 114 132 062 0076 025 493 0 0 ]
$G2 0.79 142 ¢+ 221 0.92 <0.010 0.24 8.12 3 70 g
5 $G-S2-F-L-CHM2000 : :
: F1 0.39 0.95 1.32 0.53 <0.010 0,12 2.262 0 0
: F2 041 <041 <1 . 048 <0010 021 2056 0 0
\ 5G2 020 <020 <1 073 <0000 024 2192 0 0 ]
i
& $G-52-F-WCF ;
'Y F1 0.84 <0.84 <1 0.85 0.021 0.7 7.05 0 0
F2 030 <030 <1 0.78 <0.010 0,06  1.603 v (i}
SG2 0.33 €033 <« 0.18 0.027 0.21 2.168 0 0
5
) SGS1-F
g F1 0.76 €076 <« 0.44 0.036 0.24 2.337 0 0
g F2 060 <060 <1 0.23 <0010 025 531 1 <10 .
'i 'f $G2 0.044 <0.044 <1 0.16 <0,010 0.21 10.78 0 Q ;
[ H
3 Control 030 100 130 1.7 0041 021 1898 0 0
{ 049 <049 <1 <01 <0010 006 1510 0 0 :
} ‘ * F1--1978 fertilization; F2—-1978 and 1979 fertilizations; SG2-—-1978 fertilization and 1979 resludging. i
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A facsimile catalog card in Library of Congress MARC
format is reproduced below.

Johnson, Lawrence A.

Chena River Lakes project revegetation study—three-
year summary / by L.A. Johnson, S.D. Rindge and David
A. Gaskin. Hanover, N.H.: Cold Regions Research and
Engineering Laboratory; Springfield, Va.: available
from National Technical Information Service.

ix, 66 p., illus.; 28 -cm. ( CRREL Report 81-18. )

Prepared for U.S. Army Engineer District, Alaska,
under DA Project 4A76270A896 by Corps of Engineers,
U.S. Army Cold Regiqns Research and Engineering Lab-
oratory.
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Chena River Lakes...

1. Fertilizer. 2. Grasses. 3. Gravel soils.
4, Soil stabilization. 5. Vegetation Growth.
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